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Reservations are now being accepted for space at the 


Annual Science Exhibition 


To be held in connection with the 113th Meeting 
of the Association 


y, bi) ee ( 
Baste MM, AMassachusells = : Socemter 26-37 , 


The exhibition, the \ssociation, and the afhliated societies are fortunate 
in meeting at Boston, which is one of the most important research centers 
of the United States. The large number of governmental and industrial 
research laboratories, as well as those of the universities and colleges in the 
area, insure a well-attended and highly interesting meeting. 


The Exhibition will be held in the First Corps Cadet Armory and _ the 
central registration for the meetings will take place within the Exhibition 
Hall. Through splendid cooperation of local committees and hotels, ample 
hotel accommodations have been secured already. The general headquar- 
ters for the meeting will be in the Hotel Statler located diagonally across 
the street from the First Corps Cadet Armory. 


The Annual Meeting of the Association affords commercial exhibitors an 
unsurpassed opportunity to show their products to scientists engaged in 
all branches of research. At the St. Louis Meeting held this past Spring 
there were scientists from 46 states and 14 foreign countries. There is 
every reason to believe that attendance at the Boston meeting will be 
larger than that at St. Louis. 


Special Note to Individual Scientists 


This year an increased amount of space has been allocated for the demon- 
stration of research results. Full details have been published in Science 
(104: 98), The Scientific Monthly for \ugust, 1946, and the August, 1946, 
AAAS Bulletin. A special committee has been organized to direct this 
activity. Special display booths are available without cost and_ scientists 
who wish to present the results of their recent research are urged to reguest 
space application blanks immediately. 


For full information about the Exhibition rurite to 


THEODORE J. CHRISTENSEN, Director 
Massachusetts and Nebraska Avenues, NW 
Washington 16, D. C. 
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THE DETERIORATION OF MATERIEL 


IN THE 


TROPICS* 


By W. G. HUTCHINSON 


DEPARTMENT OF BOTANY, 1 


[NX sprre of considerable experience in 
of military equipment in the 
Philippine Islands and in the Panama 
Canal Zone the United States approached 
World War IT surprisingly unprepared 
)carry on any military engagements in 
Some of our Allies 


the use 


the humid tropics. 
were equally unprepared in spite of even 
onger experience in tropical areas. Con- 
sequently, enormous quantities of equip- 
ment of all kinds which had been pro- 
duced for use in temperate climates were 
sent to humid tropical areas with little, 
f any, thought of its survival under the 
levastating conditions of high humidity 
ind other factors which make up a tropi 
il environment. As a result, enormous 
at 
University of the 
‘anama Canal Zone under Contract OF M-sr-205 
the Office of Seientitic De 

At first under the direction of See 


This paper is based upon studies made 


Pennsylvania and in 


Research and 
pment, 
Eo 


Tropical Deterioration Administrative Com 


this Contract was later transferred to 
tee. Various aspects of the work have been 
ducted the 


OoOmmittees: 


following 
Methods: 


Klectronic 


in Collaboration with 
Coordination of Test 
tical Instruments; Electrical and 
pment; Photographie Equipment and Sup 
Synthetic Resins, Plastics and Plasticeiz 
Textiles and Microfilm 
the Official Re 


the over-all activities of the Tropical 


Cordage, 


Techitical 


and 
es of Summary 
yf 
Administrative Committee can be 
the Office the 
d, Department of Commerce, Washington 
Db. G: 


rioration 


‘ined from of Publications 


NIVERSITY OF PENNSYLVANIA 


losses were experienced in many different 


categories of military materials.  Tex- 


tiles and textile products were rapidly 
weakened and disintegrated by the ae- 


tion of cellulose-destroying fungi and 


bacteria. In an environment in which 


the relative humidity might almost con 


tinuously be 90 percent or more, such 


organisms grew in practically unre 


stricted fashion. In various types of 
electrical equipment extensive growth of 
molds was common on hook-up wires and 
on terminal blocks. Such erowth was 
often accompanied by failure of the in 
strument. In optical instruments which 
were satisfactorily sealed for efficient op 
eration in a temperate climate the inner 
vlass surfaces of prisms and lenses be 
overgrown with fungi, which 


came So 


brought about an etching of glass, that 
the instruments required careful over 
hauling in the field or, in many instances, 
had to be discarded and replaced by new 
Cork ¢ 


Instruments. 
ete., 


under 


askets, shock pads, 
disintegrated 
the 
erowth. 


relatively quickly 
oft 


Equipment 


influence mold and. bae- 


terial consisting 
entirely or in part of leather was very 
ot 


The stitching in such equipment 


heavily overgrown by mold several 
ty pes. 
Was often readily destroved by cellulose 


Oo 


anisms so that the equip 
fail to hold 
Photographie films became badly fungus- 


destroving or 


ment micht together. 


nae) 
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spotted during storage even though pre- 
cautions were taken in such storage to 
temperatures and exces- 
Wood and wood 


products, including paper, were also sub- 


prevent high 


sively high humidities. 


ject to severe attack by microorganisms. 

Although this paper is concerned with 
the bacterial 
organisms 1 
should be pointed out that in a tropical 
environment materials may be subjected 
to other deleterious effects. Metallic cor- 
problem in 


funeus or 
deterioration, it 


activities of 
inducing 


rosion Is) an ever-present 
humid 
especially serious problems in connection 
Photo- 
chemical disintegration becomes impor- 
tant in textile deterioration. High hu- 
midity and accompanying condensation 


warm, areas. Termites present 


with wood and wood products. 


may have serious effects upon the opera- 
tion of electric and electronic equipment. 

It must that 
deterioration as cited above is not 


be borne in mind such 
ven- 
eral in all tropical areas but is confined 
to the humid tropies. It be said 
that the humid tropies are characterized 
climatically by a consistently high rela- 


tive humidity, a relatively high tempera- 


may 


ture, a narrow range of temperature, a 
relatively high rainfall or a consistent 
distribution throughout the 
moderate rainfall, and, finally, lack of 


vear of a 


excessive drving winds. Such variation 
in one or more of these climatie factors 


may occur within relatively small areas 
that the extent of deterioration may be 
Kor in- 


consequently variable. 


stance, in New Guinea, where great loss 


very 


of materials by fungus and bacterial de- 
terioration was experienced, there are 
certain areas which cannot be said to be 
characteristic of the humid tropics and 
in which little, if anv, deterioration oc- 
curred. It is of course unsafe to postu- 
late that an area which receives heavy 
rainfall in which de- 
terioration will be experienced. Heavy 
rainfall may be followed by drying winds 
to such an extent that the area may be 
relatively free from difficulty while, on 


must be an area 
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the other hand, an area in which the rain. 
fall is relatively light may have such a 
distribution of this rainfall throuehout 
the year that the area may be particu. 
larly noteworthy as a region of excessive 
deterioration. 

A “dry season,’’ which may occur 
during some portion of the vear in the 
humid tropics, may be characterized by 
light rain or almost entire lack of rain, 
sometimes by drying winds and _ conse- 
quently by a much lowered relative 
humidity. 


the tropical trees lose their leaves, the 


During this season many of 


soil may become dried and cracked, and 
much of the vegetation becomes brown 
and dry. During such periods deteri 
oration is much less rapid or may be 
entirely absent as equipment may be 
come well dried out. However. in some 
tropical areas, even during the dry sea 
son, relative humidity may remain very 
high, especially at night, and there may 
be such heavy condensation in the early 
morning that equipment will be thor 
oughly wetted. Optical instruments ma\ 
show initiation of infection during sucl 
dry periods. 

The 
peatedly that certain types of equipment 
which have dried to the point of cracking 


observation has been made_ re 


or checking during the dry season maj 
become especially susceptible to fungus 
attack with the onset of the wet season 
A climate in which wet and dry seasons 
alternate may therefore be a more cetr- 
mental one for some equipment than a 
climate in which there is a continuous 
high humidity. 
may remain relatively free from fungus 


Plywood, for instance 


damage during months of wet weather 
After drying during the dry season, how 
ever, it may become badly deteriorated 
as moisture increases with the advent 
the following wet season. 

A brief résumé of the problem of 
terioration as it affects different class 
of materials is presented in the follow! 
sections together with some possible me 


sures of control. No attempt is m 
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Npecial Engineering Section, Panama Canal Department 


FIG. 1. 


ere to summarize all control methods; 
particularly those which have been found 
effective in the experience of the author 
dare considered. 

Electrical Instruments. © Mueh 
trical and electronic equipment prepared 
within the United 
States has proved completely unservice- 


elec 


for use territorial 
able after a short period of use or storage 
humid tropical areas. Frequently 
ch equipment has shown heavy mold 
development, especially on hook-up wires 
nd terminal blocks. Although it is pos- 
sible that functional failure may be pri- 
arily with moisture rather 
an directly with the mold, it is certain 


assoclated 


at a heavy fungus fringe on a hook-up 


ire will retain moisture which mieht 


herwise evaporate. To the operation 


in in the field the mere presence of a 


CABLE-LIKE GROWTH 
CH GROWTH, OCCCURRING ON UNTREATED COTTON 


OF 


BRAID HOOK-UP WIR} 


FUNGI IN A TRANSFORMER 


y ¢ SE A SHOR C1k¢ re 


mold within his 


indicative of trouble 


mass of ument Is 


1hist 


Under certain conditions. fungus de 


velopment within electrical and elec 


tronic instruments may become suffi 


clently extensive to form cable-like exten 
sions Which may bridge from one wire or 


terminal to another and thus may con 


ceivably be responsible) for shorting 


Kigure | situation of this 


the 


represents a 
sort in a transformer in 
Canal Zone. 


Kune 


Panama 


which have most 


commons 


been found associated with hook-up wires 


in humid tropical areas are species of 


VWonilia. Vane Or. Pe pide lim, 
Rhizopus, and 7 } iwhode rand 


Aspe rgillus, 


In an attempt to control the ce velop 


ment of fungi within electrical equip 
several remedial 


tried A 


ment, have 


has 


nieaSsStres 


been Varnish o1 acquer 
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been sprayed over hook-up wires and 


terminal blocks, or over the entire as- 
sembled equipment after masking certain 
While probably no var- 


nish or lacquer is completely moisture- 


critical parts. 


proof, the application of such a sub- 
stance does tend to keep various parts of 
the equipment relatively dry. However, 
some of these varnishes and lacquers will, 
Kor 


done 


of themselves, support mold growth. 
much 
on the incorporation of effective fungi- 
Vari- 


ous branches of the services have been so 


this reason, work has been 


cides into laequers and varnishes. 


stringent in their requirements for clean 
electrical equipment that they have spee- 
ified that no hook-up wire shall be ae- 
to support any 
To meet this specifica- 


ceptable if it is able 
fungus growth. 
tion it has been necessary for manufac- 
turers to add some fungicidal material 
to the lacquer or varnish. Those which 
have been found most successful for this 
purpose are salicvlanilide and 
A number of the organic 


penta- 
chlorophenol. 
mercury compounds are very effective 
fungicides, but their use has been dis- 
it is that 
they may produce damage in selenium 


couraged because reported 
rectifiers. 

A remedial measure that has proved 
very effective is the substitution of some 
material which does not support fungus 
the often 
used in wrapping hook-up wires. 


erowth for cotton braid so 
Glass 
braid, asbestos, cellulose acetate, and 
various svuthetie fibers and plastics have 
been used for this purpose with consider- 
However, of these 


able success. many 


materials have presented production 
problems which could not well be met 
during the stress of wartime conditions. 

A method of controlling fungus devel- 
opment within equipment 
which has been found highly effeetive in 
the field is the generation of heat within 
the instrument sufficient to keep the tem- 
perature the instrument 
that of the ambient temperature so that 


condensation will not occur on hook-up 


electrical 


inside above 
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wires and other parts of the equipment. 
In other cases the equipment has b 
kept relatively dry by constant for 
ventilation, 

Instruments. It has been 
that the 


surfaces of optical instruments kept 


Optical 
known for 


many years lass 
tropical regions are subject to deteriora 
tion from the formation of cloudy and 
splotchy films or granular incrustations, 
other 


and 


due to leaching or chemleal or 


physical phenomena, filamentous 
tracery, resulting from mold growth o1 
the glass surface. This surface ‘‘tar 
nishing’”? may appear on new or freshly 
cleaned optical elements after one to six 


While reports ot 


such damage have been common throug! 


months in the tropics. 


out all humid tropical regions, particu 
larly heavy damage had been recorded 
prior to the recent war from the Canal 
Zone, Malaya, and the Philippines. — Re 
cent reports indicate that there has been 
severe damage to optical instruments 
throughout extensive areas of the Pacific 
war theaters. 
Fouled optical 
with the efficient operation of an instru 
ment in (1) If the affected 
area is on some internal part, such as a 
is continually in 


elass may interfer: 


two Ways: 


reticle which foeus, 


there may be sufficient interference and 
loss of light to impair greatly the use 


fulness of the instrument. Sueh instru 


ments must be sent to a repair shop for 


cleaning. A fungus spot on the reticl 


of a director telescope has been seen 


block VISION SO competely that it Was 


impossible to follow the course of al 
) 


approaching plane. In Figure 2 Is 


shown a spot of tangled fungus growt! 


on a reticle surfaee whieh could caus 


considerable interference with visio! 


2) If optical parts are ailowed to 
main without cleaning, permanent dau 
age may result from the etching of tl 


elass surfaces, which must then either | 


repolished or the elements replaced. T! 


trouble and expense of the cleaning a! 
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icing of damaged optical elements 
ther with the fact that essential opti- 
instruments of 
| time to time and ultimately show 
msiderably shortened life have made 


may be out service 


i urgent necessity to find methods 


eliminating, or at least retarding, 
this damage. 
Sealed optical instruments may be- 
ine funeus-infested the internal 


vlass surfaees by direet fungus invasion 


on 


of the instrument or by introduction of 
fungus spores there by small animal vee- 
Dr. Frank L. Jones,? Chairman of 
the Sub-Committee on Optical Instru- 

ents, has pointed out that mites are 


tors. 


almost always found within fouled in- 
struments returned from the tropics for 
‘Jeaning and repair. Figure 3 shows a 
dead mite on the surface of a binocular 
with filaments 
from its body. 


reticle fungus arisine 
Fungus spores provided 
with such organie nutrient as a mite 
body, mite feces, dead fungus filaments 
or fragments of 


cork, wax, or other detritus may germi- 


spores, microscope 


nate in condensed moisture and form a 


FUNGUS-FOULED RETICLE 
‘- FIELD PHOTOMICROGRAPH OF FUNGUS GROWTH 
RETICLE FROM A BINOCULAR IN THI 


NOTE “FROSTING” OF GLASS WHICH 


CANAT 
ACCOM 


IES GROWTH OF FUNGUS FILAMENTS. vu 


OF MATERIEL 


FUNGUS 
THEI 


AND 


AMENTS FROM 


FIG. 3. MITE 


FUNGUS FII DEAD 


A GROWTH OF 
BODY MITE ON 


SPECIMEN FROM THE PAN 


OF A 1HE RETICLE OF A BINOCULAR. 


AMA CANAL ZONE. SU). 


radiating fungus upon the glass. 
There that the 


obtains any mineral nutrients from the 


spot 


iS evidence funeus 


ho 


ovlass itself, That fungus-fouling is not 


necessarily dependent upon mite infesta 
Figure 4. 


tion is shown by Chemically 


clean elass was inoculated with masses 


of fungus spores. The spots shown here 


the certain 


their 


developed from erowth of 


spores which apparently secured 


from of uneverminated, 


nutrient Masses 

partially Ivsed spores. 
A filamentous 

may 


tracery of relatively 


deep etching develop Upon olass 


have been 
Although 


the 


etching, it 1s prob- 


surfaces which lone over 
erown with fungus mycelium. 
precise data are available on 
mechanism of 
able that the 
each fungus filament promotes leaching 
That 
some of the excreted fungus metabolites 


be 


ho 
such 


water film surrounding 


of some of the elass constituents. 


mav hasten such leaching may only 


surmised until evidence is obtained 





THE 


FILAMENTS RADIATING 
SPORES ON CLEAN GLASS 


FIG. 4. 
PRODUCED BY SPRINKLING 


The fungi associated with this foul- 
Ing of optical surfaces are not of any 
unusual sort but are common, widely dis- 
tributed molds. Monilia crassa and sev- 
eral species if Aspe rgilus and Pe nicil- 
lium have most commonly been isolated 
the Panama Canal Zone. 


All of these may be seen sporulating on 


from elass in 


the optical surfaces. 

Binoculars and other optical equip- 
ment of recent design be so well 
sealed that the penetration of fungi or 


How- 


ever, many thousands of optical instru- 


may 
their vectors may be impossible. 


ments used in tropical regions during 
the war were not so sealed. It has been 
found possible to prevent the develop- 
instruments 


Meta- 


eresv] acetate, known commercially as 


ment of funel within such 


by the use of a volatile fungicide. 


eresatin, incorporated into an ethyl cel- 


lulose base, may be placed into small 


SCIENTIFIC 


FROM 
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SPORE 
AND INCUBATING AT 


MASSES ON GLASS 
\ HIGH HUMIDITY. 


metal capsules from which it will evapo 
rate very slowly. These may be fastened 
to the inner surfaces of optical equip 
ment, safely out of the path of light 
One such capsule per chamber has kept 
binoculars free from mold growth for as 
Sodium ethyl mer- 


long as two years. 


cury thiosalicylate, or merthiolate, has 


been used on aerial cameras with success 
by the Australians in preventing fungus 
encroachment upon the lenses. 

of cameras, micro 


Proper storage 


scopes, and other optical equipment will 


effectively prevent fungus fouling. 


Cork. 
cork may be seriously damaged by the 


Various materials composed 0! 
action of microorganisms. The cork pads 
so often used in optical equipment ser 

as a source of nutrient for fungi, whi 
may spread extensively over glass su! 


The COl 


faces from the infected cork. 
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of aerial camera cones has 


such 
ot 
with 


sup 
erowth 
be 


with 


luxuriant fungus 
the 


mold or 


nuch instrument micht 


‘own showered 
spores. 

impregnation of cork with 2 per 
paranitrophenol dissolved in amyl 
te has kept cork free from attack 
olds for an exposure period of six 
ths in the Canal Zone, whereas un 
became over 


ted samples heavily 


n in three to five days. Similarly 


ed samples have remained clean in 


tropical house at the University ot 


usvivania for fifteen months. 


P aStICS. 
portant 


Modern plastics have found 


uses in many types of mili- 


equipment. As vital parts ot elee- 
al or optical equipment and as sub 
leather, 


‘tal in many service materials, plastics 


for cork. wood. and 


ites 


ve been subjected to the deleterious 
Under the 
nfluence of moisture and microbiological 


effects of the humid tropics. 


tivity these plastics have suffered vari- 


Npecial Engineering Section 


FUNGUS GROWTH ON 


\ 


OF MAT] 


— 17] 
the laminated 
checking 


>] 
lasth 


ous damage Some of 


plastics have developed ana 


separation of Components sur 


faces have become crazed blistered, o1 


rtain types of plastics have 


whitened ( e] 
developed eXTeNnsl\ moldn Ki@ure oO 
illustrates a plastic Termine ek Trom 


Panama Canal Zone 


muel (| 


a transtormer in the 


with mold growth over its sur 


Such mold growth may result im 


the etching of the plastic surface, may 


have some effect Upol the electrical re 


ients of electrical ial 


sistance of constit 


electronic equipment ma cause 


severe reduction in transmission 


when a sheet plastic used as an instru 


ment window 


tunel are encountered in 


A variety ot 


association with plastics Laminated 
eellu 
organisms Chae 


Ve blhlodile lla, 


Several specles ot Aspe y’- 


plastics may be attacked by such 


] 
lose-decom posing as 


/ 


Obilditdi, ( urvularia, or 


We tarrh Viton 
and Penicillium, especially A. 
che alive ri and P 


lated from infected plastics in the tropies. 


qillus 


lute Ma, have been ISO 


Panama Canal Department 


PLASTIC TERMINAL BLOCK 
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Plastics that have been shown to be 


fungus 
chosen for tropical use. 


erowth should be 
Little 
yet been done to develop fungicidal or 


resistant to 


has as 


fungistatic plastic surfaces by the incor- 
poration of fungus poisons into plastics. 


Photographic Film. The deterioration 
of photographie film in the humid trop- 
fungus attack 
moisture, is a problem which has been 


ies, resulting from and 
recognized wherever photographic work 
has been done under tropical conditions. 
The high-lighted this 


problem because of the great loss that 


recent war has 
has been experienced not only in unex- 
posed film in rolls, packs, and packages 
but also in the exposed and developed 
film negatives which have been filed and 
for A tropical pack- 
aging of films was developed which has 


stored reference. 


been very effective in preventing Joss of 


aa 


\ 


STORED FOR SEVERAT 


FIG. 6, 


MONTHS IN 
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unprocessed film. Stored processed 1 


l 


however, has presented a difficult prob 


lem. These stored negatives often | 
came spotted with numerous deep bli 
patches which. have the general outlin 


of fungus colonies. Fieure 6 shows 4 


photograph of such a spotted negative 


Printing by projection from negatives 
spotted in this manner results in whit 
or light-colored areas on the print. in 
regions where the blue spotting appea 

on the negative. This partieular condi 
tion has been noted only on the backing 
of those film materials which have a blu 
dve incorporated in the antihalation coat 
The mycelia growing on the emul 
filin 
color change. A 


such are hot ass 


sion surface of 


clated with anv less 
striking but even more serious phase « 
microbiological deterioration is the ete! 
ing of the surfaces of the negative by 


microorganisms. 


A NEGATIVE 


ANTIHALATION BACKING OF FILM WAS ATTACI 
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asa 


ee 


“~ 


tas 


at a 
: 


FIG. 7. PORTION OF LAPEL 
DOTTED WITH FRUITING STRUCTURES OF Chaetomium 
IN A 
DI 


DURING STORAGE 
AND PHOTOGRAPHI( 


DETERIORATED 
WHITE 


HAD 
DE. W. L. 


ISSUED, 


OURTESY 


It has been found possible to prevent 
fungus deterioration of processed photo 
vraphie negatives by use of one of the 
commercial quaternary ammonium com 
pounds. Roceal (high molecular alkyl- 
dimethyl-benzvl-ammonium chlorides) in 
a dilution of 1 part of the commercial 
solution in 10 parts of water makes a 
fungicidal bath into which films may be 
momentarily dipped. Such treated films 
remained free of 
inder simulated tropical exposure in the 
House at the of 
Pennsylvania for more than 5 months. 
film 
spotting within two weeks. 
formed by one cf the well-known manu 
facturers of films have that 
etrimental effects to the film occur with 
t Roceeal dilution of 1 part in 10 parts of 


have funeus attack 


lropiecal University 


lntreated has developed funeus 
Tests 


per 


shown 


vater. 


of textile 


b\ 


Various 


be degraded 


Textiles. 


may 


tvpes 


roduets microor- 


OF COTTON 
globosum, SEVERATI 
W AREHOI 
PARTMENT, 


OF MATERIEL 


FIELD JACKET 
JACKETS, NEVER 


) rx 


PHOTO ys BY 


SUCH rHOUGH 


SE ON BIAK ISLAND. 


ADELPHIA Ql 


ARTERM DEPO' 


ASTER 


PHII 
gvanisms. Funei may live on the surface 
of the textile, gaining nutrition prima 
rily from the sizing of the cloth and other 
fortuitous nutrients and present a super 

Molds of 
lmMportant 


ficial **mildewed’’ appearance 
vCallse 


the 


hot 
ot 
desirable because of spotting and odors 
The 


have reported that some of 


this sort may als 


disintegration fibers but are un 


Australians 
the 


which they produce 
super 
ficial molds may attack the water-repel 
the cloth so that the fabric 
the cel 


number 


lent finish of 
becomes available for attack by 
lulose-destroving organisms. A 
ot 

nutrition directly 
other basic constituent of the textile fiber 


bacteria may derive their 


the 


funel and 
from cellulose or 
and in this way bring about a fundamen 
tal of the 
with 
cloth or other produet 
(one 


themselves 


of the 


breakdown fibers 


consequent disintegration 
(Fig. 7 

that if 
the tropics 


IS sometimes reminded 
equipment is kept dry in 


there will be no problem of deterioration 
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due to fungi and bacteria. In the case 
of textiles, as perhaps in no other type 
of equipment, it becomes completely im- 
possible to maintain dryness, for many 
textile products are used primarily to 
keep other materials dry. Canvas tents, 
tarpaulins, canvas covers for fire control 
equipment, ete., must be exposed directly 
to the elements to fulfill their intended 
purpose. Such materials are thus sub- 
jected to deterioration not only as a re- 
sult of attack by but 
also that brought about by exposure to 


microorganisms 


sunlight and alternate wetting and drvy- 
ing. 

The problem of treating textiles be- 
comes a complex one indeed when one 
realizes that in addition to the necessity 
of impregnating the material with some 
fungus inhibitor it 
make the cloth water-repellent and often- 


is essential also to 
times fireproof as well. 

The Quartermaster 
search on textile deterioration 


program of re- 
with its 
tropical 


emphasis on investigation in 


areas iS a commendable one. 


Military 
houses in permanent. tropical 


Storage ; Wware- 
installa- 


tions are commonly equipped with air 


Tropical 


conditioning. In some instances, how- 
ever, air conditioning has been assumed 
to mean raising the temperature above 
that of the ambient with no accompany- 
ing ventilation. This has resulted in an 
atmosphere high in moisture content and 
well adapted to fungus development. 
Where air conditioning has resulted in 
dehumidifieation of air, storage has 
proved highly suecessful. 

Heated 
ferred to as ‘“‘dry 


chests,’’ have proved highly effective in 


often re- 
or “‘dry 


closets or chests. 


elosets”’ 


the humid tropics for the storage of vari- 
In fact, in many tropi- 


ous equipment. 
cal areas no home is without its ‘‘dry 
for clothing, 


cameras, and other materials which micht 


eloset’’ storing linens, 


‘*mildew’’ or become damaged by mois- 


ture. When properly constructed and 
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ventilated, these heated closets are eff 
tive drying units. However, they a 
usually built with little thought of 1 
principle involved in their proper fun 
tion. Commonly, every effort is made t 
make the construction as airtight as pos 
As a matter of fact, the unit cai 
function in drying only when there is 
The 


principle involved in ventilation is as fo 


sible. 


provision for proper ventilation. 


lows: Moisture-laden air enters at the 
temperature prevailing outside the cham 
ber. When it is heated, it must take o) 
additional moisture which it secures fron 
the materials within the chamber. This 
heated air, laden with additional mois 
ture, then rises to the top and passes out 
the vent. If no ventilation is provided 
both temperature and humidity remain 
high, and no value is secured by this 
tvpe of storage. If too much ventilation 


is provided, the air is not properly 


heated and there may be little, if any, 
drving effect upon the contents of the 


closet. In Fieure 8 a storage closet 


is pictured showing heaters and type of 
ventilation found satisfactory. 

Heating is usually accomplished by a 
series of electric bulbs or by small strip 
heaters such as are sometimes used to 
prevent rusting and mildewing in pianos 
during humid weather. The amount ot 
heat to be supplied must be determined 
A temperature differential be 
tween the inside of the closet and the 
outside of 10° to 15° F. will usually keep 
the relative humidity at a point where 
storage is safe. It is important to check 
the temperature frequently, especially 
Tempera 


by trial. 


during the first days of use. 
tures 120° F. should 

Portable chests of this sort 
used with excellent results in the Pacific 


over be avoided 


have been 
war theaters for storing aerial cameras 
and other optical equipment. 

When it is necessary to store equip 
ment in an area where electric current Is 
not available, a similar dry locker 01 
chest may be used in which the drying 
is accomplished by a chemical desiccant 
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pi 


mm 


FIG. 8. TWO 

/; CLOSED DOOR WITH VENTILATION HOLES. 
rather tham by heat. Silica gel, freshly 
baked for two hours at 250° F., should 
be placed in a chest constructed with 
special care to make it airtight and in 
Which no ventilation is provided. One 


pound of such silica gel for each two 
feet of content the 


humidity in such a chest within a safe 


cubie may keep 


range for a month. provided the chest 
s opened infrequently. 
fainine cobalt chloride indicator should 


Silica ove] COon- 
be used. As soon as it has turned from 


ue to pink it should be rebaked at once. 


Te sting of Materials. If 
naterials susceptible to fungus attack in 


the tropics are to be replaced 


Aces plance 


by those 
aturally resistant to fungi or made re- 


PHOTOGRAPHS OF A 
Right: 
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‘“DRY 


HEATING UNIT 


CLOSET”? 
AND STORAGE FACILITIFS INSIDE. 


by the incorporation of fungi- 
to 


with 


sistant 


cides, it becomes essential evaluate 


many classes of materials 
to 


testing has been practiced in industrial 


respect 


fungus resistance. Such acceptance 


and service laboratories since its need 


became evident. However, the methods 
used in the tests have differed so mark- 
that at 


variance between laboratories. 


have been much 
different 


The need for coordination and standard! 


edly results 


zation of these methods became evident. 

Evaluation of such materials as hook 
up wires, plastics, coating materials, 
treated cork and leather, photographic 
ot 


by 


constituents 
be 


three possible test procedures : laboratory 


films, and many other 


elaborate equipment may made 
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MiG. 9. 
THE BUILDINGS AT THE TOP OF THE HILL HAVE BEEN 
STUDY OF DETERIORATION. OPEN EXPOSURE AREAS 


testing by accelerated methods, testing 
in tropical rooms under simulated tropi- 
cal conditions, and testing in the tropies. 

While ultimate decision with respect 
to the usefulness of a material must be 
based upon its behavior in the tropics, 
it is impossible to await results of rela- 
tively long tropical exposure for all 
It is essential that 
a certain amount of laboratory testing be 


classes of materials. 


done to provide tentative answers with 
as little delay as possible. It then fol- 
lows that the methods of testing must 
simulate tropical conditions and intro- 
duce no factors other than those en- 
countered in a tropical environment. 

An extensively used acceptance test 
for hook-up wires and coating materials 
evaluates the samples on a nutrient 
medium inoculated with fungus spores. 
The molds make a vigorous growth on 
the medium but do not grow into a speci- 


APPROACH TO BARRO COLORADO ISLAND FROM GATUN LAKE 


USED AS A TEMPORARY TROPICAL STATION FOR TH 
AND PROTECTED CHAMBERS WERE USED IN JUNGI 


fied ‘‘zone of inhibition’’ if the material 
is to receive a favorable rating. This 
zone does not measure the ability of the 
test specimen to support erowth but the 
diffusability of some water-miseible fu 

gus inhibitor contained in the specime) 

A method devised for the Sub-Committe: 
on Coordination of Test Methods subst 

tutes a mineral salts culture medium co) 

taining no organic nutrient. The test 
specimen itself must therefore contribut 

the organic nutrient to support fungus 
erowth. Hence a favorable rating is re 
ceived only if the fungus inoculum is 
unable to make any marked development 
on the sample. 

Any testing performed im vitro must 
be considered as a screening test and 
must be regarded as reliable only to 
the extent that its results can be shown 
to correspond with those of tropical 
exposure. 
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materials in so-called 
ypical rooms’’ has received much at- 
At the Univer- 


sity of Pennsylvania such a testing room 


festing of 


ution during the war. 


has been in operation for over two vears. 
By automatic evcling the average diurnai 
temperature and relative humidity range 
of the humid tropies may be duplicated. 
\ quantity of leaf litter from tropical 
plants is kept inoeulated with several 
tropical strains of molds and with mites 
and several small insect vectors of molds. 
It is believed that such a unit or the 
larger one recently described by Cooke 
and Vicklund' represents as faithful a 
simulation of a tropical environment as 
may be secured in the Temperate Zone. 
It should be pointed out, however, that 
a complete tropical environment may be 
impossible to duplicate in all its climatic, 
biological, and physical details. 

Kor the University of Pennsylvania 
tropical room it has been shown that the 
optical instruments, 
leather, and 


deterioration of 
cork, packaged rations, 
plastics proceeds at about the same rate 
as occurs in the Panama Canal Zone dur- 
ing the rainy season. 

With the realization that evaluation of 
materials by testing in vitro or in tropi- 
cal chambers can be meaningful only in 
the hght of correlation with actual tropi- 
‘al exposure, a laboratory for testing 


and research was established in’ the 
Panama Canal Zone early in 1944. 


Through the courtesy of the Board of 
Directors of the Canal Zone Biological 
Area this laboratory was established at 
Barro Colorado Island in Gatun Lake. 
In Figure 8 is shown the approach to 
the island with the laboratories and liv- 
ing quarters made available for the men 
Be- 


vegetation of 


working on tropical deterioration. 
cause of the character of 
the surrounding jungle and climatic fac- 
tors this region has been deseribed*® as 
Dur- 
ing eight months conditions for testing 
equipment under humid jungle condi- 
A dry season of about 


similar to a monsoon forest area. 


tions are ideal. 
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four months results in drying out of 
materials exposed out-of-doors. How- 


ever, In closed chambers the 
relative humidity 


ciently high throughout the dry season 


exposure 


has remained. suffi- 
to induce molding of leather, cork, plas- 
tics, hook-up wires, and optical instru- 
ments. Over fourteen thousand items 
of service materials have been tested at 
Barro Colorado Island for resistance to 
A collection of 


funeus attack. micro- 


organisms associated with deteriorated 
samples has been made and sent to the 
tropical fungus collection maintained at 
Harvard University. In the case of sev- 
eral test materials, replicates have been 
tested by in vitro methods, by tropical 
room exposure, and by exposure at Barro 
Colorado Island. It has thus been pos- 


sible to correlate to some extent these 

laboratory methods with actual tropical 

exposure. 
To a 


areas represent regions replete with pos- 


microbiologist humid tropical 


sibilities for investigation. Problems of 


deterioration can be studied far more 
effectively in the areas where they occur 
than in Mili- 
tary experience in the humid tropies has 
brought to light 
than those of deterioration that require 


medicine, 


far distant laboratories. 


many problems other 


investigation. Problems in 
health, 
veology, and all branches of biology are 
with 


public engineering, chemistry, 
familiar to scientists acquainted 
Thought 


establishment of 


these areas. should be eiven 


to the 
center in the humid tropies for the study 


some scientific 


of problems peculiar to those regions. 
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WHAT SOUND HATH WROUGHT-—II* 


By NATHAN LEVINSON 


WARNER BROS. PICTURES 


With the introduction of the sound 
picture came the creation of the studio 
Sound Department. The personnel of 
this department is headed by the Direc- 
tor of Sound Recording, whose position 
is both administrative and technical in 
character. He has complete authority 
with respect to the operations of his de- 
partment, and it is his responsibility to 
secure the best recording possible at a 
reasonable cost of operation and under 
a wide variety of recording conditions. 
Although engaged in work highly tech- 
nical in character, the Sound Director 
must be appreciative of the fact that he 
many 


is. surrounded by people in 


branches of the creative arts, and his 
SUCCESS IS largely determined by his abil- 
itv to coordinate the technical efforts of 
his department with the functions of 
other studio groups. In manv instances 
the Sound 
trol over the processing of photographie 
sound film laboratory, 


and he is vitally concerned with the qual- 


Director exercises some con- 
records by the 


ity of sound reproduction of his product 
in the theater. 

The varied nature of the problems 
confronting the Sound Director requires 
that he have a number of capable assis- 
tants to handle the many operations with 
The 


Chief Engineer is responsible for all the 


which his department is concerned. 


purely technical phases of sound depart- 


ment operation, including the installa- 
tion, and 
studio recording and reproducing equip- 
ment and the development of improve- 
ments in technical facilities. The Chief 
Mixer provides the working contact be- 
tween the Sound Director and the vari- 


operation, 


* Continued from page 109 of preceding issue. 
Copy right, 1946, by Nathan Levinson. 


maintenance of 


ous staff units working on each picture 
He checks the daily 
Sound Department and assumes respon 
sibility for the techniques and practices 
of the sound crews assigned to produc 


procuet ot the 


tion units. Supervision over those men 
who actually operate the recording ma 
chines is frequently delegated to a Chief 
Recorder. The operation andl mainte 
nance of recording circuits and associ 
ated equipment are supervised by one or 
more Transmission Engineers, who ar 
responsible to the Chief Engineer. 
Since the introduction of film record 
ing, the sound erew assigned to a pro 
duction unit normally consists of fou 
men. This headed by tl! 
Mixer, who is directly responsible 1) 


eroup is 


proper positioning of the microphones 
on the set, control of the sound volum 
recorded, and for the acceptance or re 
jection of each recording made on thi 
basis of the quality and perspective ot! 
the sound as judged through his moni 
toring system. The Mixer often has 
technical background, although this is 
not a specific requirement for his work 
He should be capable of critical appre 
ciation of the quality and general char 
acter of the sound required to match thi 
action on the motion-picture set. 

The Mixer generally has two assistants 
known as Stage Helpers, whose duties 
consist of providing proper suspension 
for the microphones, connectien of thi 
various microphones to their associate: 
amplifiers and to the mixing equipment 
and the general execution of the Mixer 
instructions as to the handling of t! 
microphones during recording. 

The remaining member of the soun 
crew is the Recorder, who is responsib 
for the operation of the recording m 





WHAT SOUND 


HATH WROUGHT 





THE 
THE MONITOR DIRECTOR 


LATES THI 


ROOM THE MUSICAL 


MODI 


chine and its auxiliary equipment, and 
hn some cases for the operation and 
maintenance of all the recording channe! 
This 


highly trained technician who possesses 


equipment. man is usually a 
at least a working knowledge of the fun- 
damental principles of amplifier opera 
tion and testing, optical system adjust- 
ments, and film recording and processing 
techinques. 

The daily product of Sound Depart- 
ment operations appears in the form of 
it number of film sound takes, each of 
vhich 


picture 


is matched by a corresponding 
take. 


and sound have been checked and 


scene, or Arter both pie- 
ire 
ipproved by the producer of the picture, 
the director, and the Sound Department, 
they are delivered to the studio Editing 
Jepartment. Here the picture editor 


roceeds with the assembly of the vari 


SOUND 


MUSIC OF A SYMPHONY ORCHESTRA BELOW, WHICH IS RE¢ 


MIXER 


LISTENS INTENTLY 


ORDING 


ous scenes in a sequence which is_ be 


lieved most suitable for the presentation 
The 


assembled lengths of picture and sound 


of the story involved in the picture 


track prints are accurately synchronized 
the of 
photographed on both the 
film 

Within a period ot one to three weeks 
the last 
been photographed, the 


with aid synchronizing marks 


pleture and 


sound 
after scenes of a picture have 
Editing Depart 
so-called 
The 
may 
that 
The 


director. 


ment will have produced a 
of the 
picture at this stage 
£000 feet than 
the picture in its final form 

the the 


the 


rough cut print 
leneth of the 
be 3,000 or 
ot 
producer ot picture, 
the head Kditing 


and the picture editor thei project the 


pict ure. 


vrreatel 


of Department 


times TO determine 


the 


pieture a number of 


whether the sequenee in whiel 


seenes 
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have been assembled is the most advan- 
taveous that whether 
certain scenes should be deleted from the 


can be devised, 
picture to secure improved tempo, and 


whether any retakes are necessary to 
provide a smoothly moving narrative. 
and is 


what 


The picture is then re-edited 


again reviewed to determine 
further improvements can be made by 
shortening or deleting scenes or by re- 
their This 


arrangement olf sequence. 


process is repeated as often as is deemed 


to secure the maximum dra- 
matie value from the story. The length 
of the average fully edited feature pic- 
ture is of the order of 9,000 feet. 
Sometime prior to completion of the 
editing process, the Editing Department 
will order the production of the neces- 


necessary 


sary lap dissolves, wipes, fades, mont- 
and other photographic 
effects required for a smooth and effec- 
the story. 


have 


aves, special 


tive presentation of screen 
After 
duced into their proper places in the 


these elemeits been intro- 
pictures, the edited picture print or a 
COPY thereof is turned over to the Musie 
Department for preparation of the musi- 


eal score, 


OnE of the most important adjunets 
of the sound motion picture is its ae- 
companying svuchronized musical score. 
Under present production techniques the 
musical score for a pieture is prepared 
after editing of the picture has been 
completed. 

This 
nately, be emploved prior to the devel- 


technique could not, unfortu- 
opment of methods of re-recording sec- 
tions of original sound records to a final 
release record. During the production 
of early sound pictures, when all sound 
records took the form of dise recordings, 
such musie as was required for a picture 
had to be produced on the sets employed 
for the picture. Keeping in mind the 
fact that it was necessary to record and 
photograph all action re- 
quired for a single reel of film in one 


sound and 
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continuous operation, one can well 
imagine the difficulties of securing a per 
fect continuous performance by actors 
and actresses as well as the recording 
orchestra over the period of eight to 
eleven minutes required for the produe- 
tion of a single record. Special music 
had to be written for each reel of film, 
and a great many were re- 
quired before both players and orches- 
tra had sufficiently familiarized them- 
selves with their parts to permit an at- 
tempt at recording and photographing 
reel of film 


rehearsals 


the scenes comprising a 
entertainment. 

The need for the preparation of spe 
cial music for every picture led to the 
organization of a Musie Department in 
each of the studios. Some of the coun- 


try’s finest arrangers, and 
conductors rapidly aequired the tech- 
nique of adapting existing musical 


scores or preparing original scores fot 


composers, 


the rapidly growing sound-picture in 
dustry, and from their efforts have con: 
the hits im the 
field of popular musie. 

The 


ereatly simplified when dise recording 


endless succession of 


scoring of sound pictures was 
eave way to the photographie process 
Since a film record could be quickly and 
conveniently edited in the same manne! 
as picture film, the need for scoring com 
plete reels of picture in one operation 
modern 
The ty pica 


no longer existed, and scoring 
techniques came into being. 
feature picture is scored by a studio 
orchestra maintained for this purpose 
although occasionally the more preten 
tious the 


various nationally and international! 


pictures employ services 0 


known musical The seore foi 


every picture is written to suit the moods 


eroups. 


and tempo of the various scenes, and tl 
music prepared for one picture is se 
dom, if ever, later employed in anothe 

As soon as the scenes of a picture ha\ 
been assembled in the sequence believe 
most desirable, the Director of the Mus 
Department assigns a composer and a 
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THI 


SOUND FROM THE MIXER 1S RECORDED BY 


to the of a 


sical score particularly suited to that 


rchestrater preparation 


picture. The pieture is projected Sev- 
eral times to enable the composer and 
to 
vith the situations, moods, and 

the picture subject matter. The pro 
ucer of the picture, the musical diree 
tor, the composer, and the orchestrater 
the 
be provided 


rehestrater familiarize themselves 


tempo 


deeide which of 
should 
The nature of the 
uderlying musical theme may also be 


this time. 


and 


n discuss 
cture sequences 


th a musical score. 


scussed at 


Kaech sequence of the picture is then 
irefully timed on moviola equipment. 
id detailed 


cue sheets containing in 
with to all the 
rtant action and dialogue of the pic 
re are prepared to aid the composer 
most effectively fitting each musical 
juence to the corresponding picture. 


rmation respect im 


HATH WROUGHT 


SOUND 
LATEST TYPE OI} 
The composer’s task is essentially one 


of creation, the effectiveness of his work 
the 
the musical score enhances the dramatic 
effect of the picture. 


be brilhant, dynamic, 


to 


being measured by degree which 
An effective mus 


eal score May Ol 
but if 
tention at the expense of the picture 
The 
the 


erally 


subdued, must never attract at 


composer prepares his material 


and gen 
of the 
employed for the 
The orches 


in form of a plano sketch 


which seetious 


be 


various musical sequences. 


indicates 
orchestra are to 
trater, or arranger, employing the con 
poser’s sketch as a guide, assigns a voice 
to each to 
obtain proper tonal balance in the final 
When the nature of the 


picture so demands, the arranger may 


individual instrument so as 


orchestration. 
completely alter the tempo and character 


of a section of the theme to dramatically 


emphasize certain picture sequences 
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With the completion of the orchestra- 


tion, the arranger’s material is turned 
over to a staff of copyvists, who extract 
the individual instrumental scores from 
the orchestration. A musie proofreader, 

capable composer, 
after 


suitable 


usually a 
checks the final 
which the musie is printed i 
for the orchestra. 


who is 
score for errors, 
form 

The procedure outlined above is gen- 
erally followed in the production of all 

which feature 
elaborate 


pictures except those 


musical numbers” or dance 


sequences. In the case of such pictures, 
a composer is assigned to the prepara- 
tion of the musical score as soon as the 
picture seript has been completed, in 
that the score required for the 
special sequences may be available before 
the corresponding photo- 
eraphed. <A recording of the music for 
these sequences is then made in the nor- 


order 


scenes are 


mal manner on both film and dise ree- 


ords. The dise records are reproduced 


NEDA 


KARLY MUSICA 
MUSICAL SCENE. 


PREPARATION IS MADE TO SHOOT THE 
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on the the time that tl 


sequences are photographed, so that 


Stave at 


action be perfectly synchronize 
with the musical score. No sound is 
corded while the scene is photographed 
the film 
musical score will be in exact svnchro 
nism with the 
ploved in the final re-recording process 
Most picture scoring is carried out o1 


may 


since original record of thy 


action and may be em 


stages which have been specifically de 
for this The 
stage construction is similar to that of 


signed purpose. eenera 
other sound stages, differing principally 
in that the acoustie treatment of walls 
floor, and ceiling is given greater consid 
eration. A motion-picture screen fitted 
to the stage wall in such a position as to 
be clearly visible to the orchestra con 
ductor and the mixer, 
with appropriate motion-picture projec- 


sound together 
tion equipment, enables those immedi 
ately concerned to accurately fit the 
tempo and length of each musical s 


L RECORDING 


NOTE THE SOUNDPROOF BOOTHS ON THE STA‘ 
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THE MUSIC IS PLAYED TO MATCH THE FILM WHICH 


to the corresponding picture 


The sound-recording equipment 


quence 
action. 
employed for scoring is usually identi- 
cal with that used fer production record- 
with the possible exception of more 
elaborate channel supervisory and inter- 
Permanent 


Ings, 
communication equipment. 

monitoring facilities for the 
channel are set up in monitoring 


recording 
rooms 
which form a part of the scoring stage, 
and double plate glass windows afford 
the sound mixer a view of the musicians, 
the at the 
sufiicient sound 
the 
mixer 1s 


the eonduetor, and sereen, 
time 


usulation 


providing 
the stage 
that the 
not confused by sounds from the stave 


same 
between and 


room so 


monitoring 
‘ombinine with those from his monitor 
speaker system. 

Each reel of the picture is scored in 
sections, the numerous takes being later 
spliced to form a continuous sound track. 
One advantage of this mode of operation 


es in the faet that the musicians are 


HATH 


WROUGHT 


MUSIC 


IS PROJECTED ON SCREEN IN 1T 


SMALI 


able to give a practically flawless per 


formance after a number of brief re 


hearsals, whereas if an entire reel were 


scored during a single take the physical 
lar 


and mental strain would be oreater 


on all concerned. Musie scoring as ven 


erally practiced is termed a postrecord- 
until 


Ing process, since it is not begun 
photography and editing of the picture 
are completed. 

When seorine is completed, the var 
film to 


musical pleture 


reeords corresponding the 


the 


ous 
sequences Tor are 
assembled in precise svnehronism with 
the edited pieture print prepared by the 
studio Editing Department. This opera- 


tion is conducted under the supervision 
of a qualified member of the Music De- 
partment. During this period the 
numerous separate film recorads of neces- 
sary sound effects are also synchronized 
with the action of the picture. The final 
sound record is secured by re-recording 


simultaneously the dialogue sound track, 
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the music sound track, and the sound 
effects tracks to a release sound negative 
Kinal release prints for the theater are 
obtained by printing each reel of the 
edited picture negative and the corre- 
sponding re-recorded sound negative on 
a single length of film. In this manner 
exact svnchronism between picture and 
sound is assured in the theater. 

The process of preparing the final 
sound record to accompany the picture 
in the theater is a highly specialized one 
and is generally conducted by a separate 
division of the Sound Department. The 
equipment required for this process is 
basically similar to that employed for 
stage recording, with the exception that 
the microphones are replaced by high- 
quality film reproducing 
which the various photographie sound 
in the final re- 
lease record are reproduced as electrical 


machines in 
records to be combined 
signals. These signals are combined in 
proper proportion through suitable con- 
trol circuits, and the resultant signal is 
again reeorded on film. 

The control 
venerally located in a re-recording room 


re-recording console is 
designed to simulate, in proportions and 
acoustic characteristics, a small theater. 
Motion picture projectors located in a 
booth adjacent to the re-recording room 
provide a picture image of theater size 
on a sereen located an appropriate dis 
tance in front of the re-recording control 
console, thus enabling the sound mixer 
to judge the quality and proper combina 
tion of the several sound records being 
re-recorded for the final sound track in 
terms of the pictorial effeet with which 
that track is associated. 

During the final process of re-record- 
ing, the musie director, the 
and the arranger have an opportunits 
to determine how satisfactorily the musi- 


composer, 


cal score matches the moods and tempo 
of the picture. 
found desirable to delete or to lenethen 


On many oceasions it is 


certain musical sequences, and these 


operations are again conducted under 
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the general supervision of a representa- 
tive of the Music Department. 

All feature pictures are previewed to 
secure public reaction before the picture 
is considered completed. Following th 
preview, and depending largely upon 
the nature of the audienc 
reaction, the picture may be re-edited to 
certain 


preview 


sequences or to im 


eontinuitv. In 


strenethen 


prove tempo or such 


cases corresponding re-editing of the 
dialogue, music, and sound effects rec- 
ords is necessary, and a second re-record 
ing operation is required to secure a 
which matches the 


release sound track 


re-edited picture. 

THe tangible result of Hollywood’s 
annual production activities takes the 
form of hundreds of millions of feet of 
Elabo 


rate facilities are provided for develop 


processed motion picture film. 


fixing, washing, drying, cleaning 
waxing, identifying, handling, 
All film deve! 


the aid ol 


ing, 
storing 
and shipping this film. 
opment is carried out with 
continuous processing machines, the solu 
tions emploved being continuously fi 
tered and automatically maintained 

The 


air conditioning equipment is employe: 


the optimum temperatures. finest 
to insure an adequate supply of elea 
air, of proper temperature and humid 
itv, to all sections of the laboratory 
buildings. 

Much of the film 


equipment and several of the most in 


present laborator 
portant film processing techniques have 
been developed to permit proper proc 
essing of photographie sound records. 
During the early days of the silent 
motion picture, fila. development was a 
complished by winding the exposed filn 
and manually sul 
film in 
veloper solution. Fixing and 
of the film was carried out in a simila 
manner. The quality of developme! 
was determined entirely by visual 1 


on suitable racks 


mereine rack and tanks of di 


washn 


) 


spection, and varied from hour to hot 











WHAT SOUND HATH WROUGHT 





THE LATEST TYPE OF EQUIPMENT 
ENE FROM Night and Day ILLUSTRATES A NEW ROVING MICROPHONE AND TECHNICOLOR CAMERA, 


and day to day. Nonuniformity in the nately, continued improvements in the 
development of adjacent lengths of film design of processing machines removed 
Was practically unavoidable and fave all objections to the ir use for the devel- 
rise to so-ealled ‘‘rack flashes,’? which opment of both negative and_ positive 
were manifested by periodic variations materials, and the advantages provided 
brightness of the picture on the by machine methods were so attractive 
theater screen. that all film was being processed in this 
The introduction of machine develop manner sometime prior to the introdue- 
¢ methods did much to overcome the tion of the sound picture. 
onuniformity of manual development, The first large-scale commercially em 
it control of the developing process Was ploved photographic sound records were 
still based prineipally upon visual in- — of the variable density type and required 
spection of the final product. Machine’ extremely uniform and accurately con 
I" CeSsINe of release prints preceded trolled development to preseribed nega- 
at of negative materials by a number tive and print gammas to insure satis 
years, a situation that was brought factory quality. Such processing could 
out partly through fear of loss or only be secured with the aid of sensito- 
image to the more valuable negative metric control of the degree of film 
and partly because the smaller development. Unfortunately, the merits 
tal footage ot nevative stoek involved of sensitometry were not widely recog 
not actually necessitate the use of nized in the Hollywood laboratories when 
more rapid processing which ma- sound eneineers first became concerned 
ne development provided. Fortu- with the processing of film records, and 
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considerable difficulty was experienced 
the 
development necessary to Insure the pro- 


for a time in securing control of 
duction of high quality sound records. 
The initial ventures of the technically- 
minded sound engineers into the sacred 
the 
revarded 


laboratory 
than a 


precincts of film were 


venerally with more 
slight shadow of suspicion, and few of 
the laboratory personnel were interested 
in learning the finer points in the art 
of film processing from engineers whose 
principal acquaintance with the subject 


Nev- 


sensitometric 


had been derived from textbooks. 
ertheless, the 
control were gradually recognized, and 


virtues of 


within the space of a few vears all mo- 
tion-picture film processing was based 
upon the application of fundamentally 
sound technical procedures. 

A number of relatively recent refine- 
ments in film laboratory equipment have 
erown out of studies directed toward the 
production of sound records of improved 
Kor example, a certain amount 
distortion in the 
to directional 


quality. 
of high-frequency 
sound record was traced 
effects in the film processing machines. 
Modification of the machines to provide 
adequate turbulation of the developer 
solutions in contact with the film surface 
have resulted in pronounced improve- 
ment in the quality of both the sound 
record and the picture image. Another 
source of high-frequency distortion in 
sound records was traced to minute slip- 
page between negative and print stocks 
Radical 
continu- 


during the printing operation. 
modifications in the design of 
ous printers led to the manufacture of 
which are 
capable of suecessfully the 
finest detail that the 


picture or sound track negative film. <A 


printers, 
printing 
either 


so-called non-slip 


exists on 


noticeable improvement in quality of 
both picture and sound projection in the 
theater evident 


printers were first introduced. 


has been since these 


Tue rate at which the various activi- 
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the 
sound motion picture are carried out 


ties essential to 


production ot 


almost uniformly accelerated from 


date of selection of the story materia 


to completion of the picture. The prepa 
ration of a production script may oceupy 
a period varying between two months 
Actual photogra- 
phy of a feature picture normally re 


and a vear or more. 

quires from four to sixteen 
Within one to three weeks after pho- 
tography of the picture is completed, 
the Editing Department will have pro 
vided the Music Department with a com 
plete print of the picture in the forn 
that will be shown at the first preview 
From this time until completion of th: 


weeks 


picture, a large number of highly tech 
nical operations must be carried out 
before the arrival of deadlines for release 
printing, which may have been set long 
before photography of the picture was 
completed. 

Not all 


introduction of sound have been confine: 


the changes wrought by thi 
to the motion picture studio, for thi 
theater has also been affected in severa 
important The requirements 
of intelligibility of sound in the theater 
have necessitated considerable attentio! 


respects. 


to the acoustic characteristics of theater 
few 
have 


auditoriums. In a eases major 


structural alterations been re- 


quired. In others, such deficiencies as 
existed have been susceptible to eorre 
tion through the installation of acousti 
treatment in the auditorium and behind 
the theater screen. 

Since the speed of projection of silent 
films was limited more by the sense 
propriety of the theater manager tha 
by technical considerations, it was not 
unusual for a manager to urge the p 
jectionist to speed up the sereening 
the better that 
ereater number of per da 


pictures in order 


showine's 


and therefore a g@reater audience tur 


over, micht be secured. This procedu 


frequently detracted very materia 


from the entertainment value of a p 
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HATH 


WROUGHT 


A MODERN TECHNICOLOR CAMERA AND SOUND CRANE 


ture. With the introduction of sound 
pictures the speed of projection of the 
film had to be equal to that employed 
during the recording operation in order 
to avoid distortion of pitch, and a stand- 


ard projection speed was adopted by the 


entire industry. This step has resulted 
uniformity of 


practices in all motion-picture theaters, 


n complete projection 
to the consequent betterment of the en- 
tertainment value of all pictures. 

The 


whieh originally existed in the quality 


comparatively great variations 
sound reproduction in various the- 
iters throughout the country soon led 
a program of standardization of fre- 
the- 
program 


characteristics of 
This 
is been conducted under the auspices 
the Research Council of the Academy 
Motion Picture Arts and NSeiences and 


leney -response 


ter sound equipment. 


is resulted in continually improved 


eater sound quality. A program lead- 


toward the standardization of the- 


ater screen illumination levels has also 
been under way for some time and has 
done much to improve the average qual 
itv of the theater screen image 

brief of the changes 


EVEN a survey 


wrought by the development of the 
sound motion picture would be incom 
plete without some consideration of the 
which the transformation of the 
The 


required for the physical recording plant 


cost at 
industry was secured. investment 
itself may be taken as roughly equal to 
$100,000 per studio recording or re-re 
installed A 
cover the 
The central 


cording channel similar 


sum would cost of a mobile 


reecordine channel. record 


ine building and each of the sound 


represented an invest 


ment ot the order ot $40,000 TO $75.000, 


Stages 


averave 


while the cost of the wirine installed 


between the recording buildine and the 


stages might be presumed to average 


approximately $7,500 per stage. The 
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the 
repre- 


equipment required for each of 


studio theaters or review rooms 
sented an additional outlay of approxi- 
mately $10,000. Thus, the new plant 
investment for a studio converting from 
silent to sound production and requir- 
ing six sound stages, four recording 
channels, two mobile recording channels, 

would average 
$1,000,000. Ap- 
proximately this amount of 


equipment was installed by each of the 


and two review rooms 


somewhat than 


double 


more 


major studios within a few vears after 
full-scale production of sound pictures 
vot under way. 

The increase in the number of studio 
emplovees due to the advent of sound 
was much larger than might at first be 
imagined. A Sound 
gaged in the operation of four fixed and 


Department en- 


two portable recording channels and in 
maintenance of the recording and _ the- 
ater equipment would require the ser- 
to SIxtv 
Such a group would not increase 


vices of approximately fifty 
men. 
the size of a studio pay roll by an ap- 
preciable percentage. However, to this 
number must be added the increases re- 
For 


example, proper control of the set light- 


quired in other studio departments. 


ing units during the long takes of the 
early sound pictures required the services 
of one stage electrician for eech of the 
large lamps employed. The personne] 
of the studio electrical department was 
thereby practically doubled. The more 
stringent requirements on set construc- 
tion made it than 
double the personnel of the studio Art 
Department, and this in turn required 
corresponding increases in the number 


necessary to more 


of carpenters, machinists, painters, and 
other craftsmen concerned with the pro- 
set structures. 


duction and erecting of 

Silent pictures were generally shot 
with a single camera, the various camera 
angles necessary to secure satisfactory 
tempo of the finished production being 
secured through repeated photography 
of a given scene from appropriate cam- 
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Until the process of d 
had 
siderable development, it was necessar 
of the camera 


era positions. 


bine sound records received COn- 


to secure all angles re- 
quired for a scene, as well as the sound 
record, during a single take. The num 
ber of cameras and cameramen required 
for this operation was three or four 
times greater than that which had bee 
silent production, and 


Departments e 


required for a 
the Camera 
panded correspondingly. 

The for 
Departments and 
has already been noted. 


studio 


Mus 

Departments 
The 

editing a picture was practically doubled 
with the introduction of sound, and the 
Editing Departments experienced a cor 
The increased vo 


the creation of 
Story 


need 


labor of 


responding growth. 
ume of film processed by the film labora 
tory and the requirements of accurate 
sensitometric control of film processing 
very appreciably increased the number 
of laboratory personnel required. 

The art of process photography ha 
been under development for some years 
prior to the introduction of sound but 
had been employed principally to secure 
photographic which 
readily be obtained by direct photogra 
phy. With the 


the great increase in personnel required 


effects eould not 


introduction of sound 
for production on locations stimulated 
the further development and applicatio) 
of process photography, since this tee! 
nique permitted the production of scenes 
in the studio which could otherwise on! 
have been obtained by trans porting 
full production company to distant loca 
tions. The rapid growth in the app! 
cation of process photography effective 
resulted in the organization of another 
studio department which had not prey 
ously existed. 

The growth of the several departments 
named above was matched by a corr 
sponding growth in the personnel of a: 
ministrative, sales, publicity, and trans 
portation departments. As the perio 
required for the production of a soun 
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SHOWING THE MODERN EQUIPMENT AND CREW 
picture was greatly increased over that 
required for a corresponding silent pic- 
ture, the production of a given number 
feature pictures per vear necessitated 
large increase in the number of diree 
tors, players, and extras emploved by the 
tudio. 

When all the personnel additions men 
tioned above are taken into account, it Is 
found that the studio personnel increase 
lireetly attributable to the introduction 
! sound was of the order of 100 to 150 
percent and that the cost of production 
300 to 400 
Keeping these facts in mind and noting 


vas inereased by percent 
that the conversion from silent to sound 
produetion was scarcely completed prior 
to the erash of 1929, it is not surpris- 
ng that many of the major motion-pic 
ire production organizations exper! 
need the greatest difficulty in surviving 


the depression period. 


HATH 


NECE 


WROUGHT 


SOUND STAGE 


SSARY TO SHOOT A SCENI This 


FROM 


f large the 
ater chains were also confronted 


The owners and operators 0 
with a 
number of formidable problems during 
the period of conversion from silent to 
In seeur 


sound pictures. The first arose 


sound 


ing a sufficient amount of theater 


equipment to permit vapid conversion 


from silent TO sound projection 3 second 
difficult, 


of financing the purchase of this equip 


was presented by the problem 


ment. small 


or 


Sound equipment for a 


theater called 
penditure of $10,000 to $20,000, while 
the the 

houses was in the neighborhood of $25, 
OOO. 
brought 


medium-sized for an ex 


investment required for larger 


Such additional! problems as were 


about through unexpired con 


tracts for silent pictures, for laree the 
for 


ater orchestras, for or@anists, and 
vaudeville acts were responsible for the 
consumption of goodly quantities of as 


pirin, for few people in the theatrical 
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believe 


field that the 
sound picture represented more than a 


were inclined to 


passing fad. 


Ir NOW seems safe to predict that the 
sound picture will be with us for some 
Continued improvements 
equip- 


time to come. 


in recording and reproducing 
ments and in production techniques have 
removed practically restriction 
that sound ever placed on motion pic- 


ture production and have tremendously 


every 


widened the scope of screen entertain- 
ment. It is no easier to predict the 
future developments of the sound motion 
picture now than it was to foresee its 
tremendous future in the year 1926. 
The value of the sound film as a medium 
of education has long been realized, but 
little has yet been accomplished in this 
field. 
tion-picture training films during the re- 
cent wartime well known. 
Many large industrial organizations pro- 
duce a number of highly specialized 
training films for their personnel each 


The widespread use of sound-mo- 


period is 


year, and the use of sound pictures as an 
advertising medium is already well es- 
Future generations will have 
many 


tablished. 
available 
events of historical importance in sound- 


complete records of 
motion-picture form. 
Demonstrations of stereophonie sound 
pictures have been given a number of 
times in the past, and the development 
of equipment and techniques for the pro- 
duction of such pictures is proceeding at 
the 
from the knowledge that the investment 
theater 


present time, hampered somewhat 


required for new studio and 


equipment necessary for the production 


and showing of such films will be enor- 
mous when compared to the correspond- 
ing investment required for the introduc- 
tion of the present sound picture. 

The part to be plaved by the sound 
picture in the development of television 


is as vet unknown. Keeping in mind, 
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however, that the motion picture } 
vides the only means by which « 
pletely pre-edited entertainment can 
provided, one would be surprised if 
major portion of the best future con 
mercial television programs was not «i 
rived from sound motion pictures pro 
duced especially for this medium. 

The utilization of large quantities 0! 
narrow gauge film, particularly in th 
16 mm. size, for industrial training, ad 
vertising, home entertainment, record 
pictures, and military applications, had 
led to numerous improvements in equip 
ment and technique for the productio: 
of high quality substandard gauge sound 
films. The principal advantage offered 
by such film sizes is that of economy, fo1 
in all technical respects the quality ot 
both picture and sound is, and must re 
main, inferior to that which may be de 
rived through the use of 35 mm. film 
However, the difference in costs between 
16 mm. and 
recording equipment, 


35 mm. professional cam 
eras, processine 
and editing equipment, and projectors is 
very appreciable, as are the differences 
in raw film costs. The smaller bulk o! 
a picture on substandard film sizes also 
offers considerable advantage when stor 
age space and transportation costs are 
taken into account. It is inevitable, 
therefore, that film will find in 
creasing application. It is ideally suited 
to the presentation of educational sub 


such 


ject matter and may even prove an ab! 
competitor to 35 mm. film as an enter 
tainment medium in the smaller commu 
nities in this country and abroad. 

To state that the sound motion picture 
has tremendous potentialities 'n nume! 
ous fields which have not yet been ex 
ploited is merely to state the obvious 
The introduction of sound recording has 
entire 
sound motion picture can transform e} 


transformed an industry; tl 


tire phases of our social and econom 
life. 




















fue development of the microscope 
to the versatile instrument it is today is 
vh-lighted by outstanding accomplish- 
nents interspersed with periods of re- 
finement of details and continuously ex- 
ended fields of application as a result 
improvements in the instrument. 
Many of these improvements utilize some 
special optical characteristics of the 
specimen in order to render it visible. 
Thus the dark-field microscope forms 
mages by means of the light diffused by 
small particles. The polarizing micro- 
scope utilizes the birefringence of mate- 
rials. The surface reflectance of speci- 
mens enables them to be seen by means 
of vertical illumination. If particles can 
be made to fluoresce under the action of 
ultraviolet radiation, the use of the fluo- 
rescence microscope is often advanta- 
veous. Direct images are also obtained 
by the use of ultraviolet radiation in the 
ultraviolet microscope and by electrons 
in the electron microscope, depending 
on the absorption characteristics of mi- 
croscopie specimens for these rays. 

The newly developed phase microscope 
promises to prove of comparable impor- 
tance. In nature and industry there are 
many microscopic materials which are 
Transparent or nearly so, whose details 
differ from their background in either 
refractive index or actual thickness, re- 
sulting ina difference in light path. The 
purpose of the phase microscope is to 
render such details visible with sufficient 
‘esolving power for their interpretation. 

As is venerally the case with scientific 
levelopments, the quest for this method 
las extended over considerable time. 
Among those whose early investigations 
have contributed to the development of 


phase microscopy are: Ernest Abbe 


prior to 1892). K. Bratuscheck (1892 
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A. E. Conrady (1905), and J. Rheinberg 
(1905). It remained, however, for Pro 
fessor F. Zernike, of Groningen (1985 
to show that if an object is illuminated 
by an extended light source and_ this 
light source is foeused on a diffraction 
plate, which must therefore be placed at 
the geometrical image of the light source, 
changes in visible contrast in the image 
of the object can be obtained. Using the 
method of Zernike, in 1941 Kohler and 
Loos, of the firm of Carl Zeiss, showed 
several applications of the method to 
problems in practical microscopy. Burch 
and Stock, of London (1942), described 
their results using a linear, rather than 
a circular, phase-accelerating element in 
conjunction with the microscope objec 
tive. The Spencer Phase Microscope, ex 
hibited first in 1944 at the Cleveland 
meeting of the American Association for 
the Advancement of Science, was the re- 
sult of experimental and theoretical in- 
vestigations by Dr. Harold Osterberg 
and Dr. Helen Jupnik, physicists, Dr. 
Oscar W. Richards, biologist, and the 
writer. Subsequently, from our labora- 
tory results have been reported by Ben- 
nett (1944), Richards (1944), Osterberg 
1944), Jupnik (1944), and a more com- 
prehensive report by Bennett, Jupnik, 
Osterbere, and Richards (1946). The 
application of this microscope to biolog- 
ical purposes was reported by Richards 
(1946 

The Spencer Phase Microscope is 
shown diagrammatically in Figure 1. 
An opaque diaphragm D, with a clear 
annular opening placed below the sub- 
stage condenser (, at or near the front 
focal plane, controls the illumination. 
This annular stop is imaged by the sub 
stage condenser system and the miecro- 


scope objective at or near the second 
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focal plane of the latter at P, where the 
diffraction plate is placed. The purpose 
of this plate is to introduce either a phase 
difference or an amplitude, and hence in- 
tensity, difference or both over portions 
of the light waves emerging from the 
specimen on the stage 8S. The remainder 
Thus 
the annular ring diaphragm D and the 
diffraction plate P are the only addi- 
tional equipment necessary for obtaining 
with the ordinary 


of the microscope is unchanged. 


phase MICYOSCOPs 
microscope. 

The diffraction plates consist of the 
B-, B+, A and A 
Kieure 1. Dielectric 
trated by the half-shaded areas, are de- 
posited by evaporation for the purpose 
of introducing phase differences; thin 
coats of metal, illustrated by the full- 
shaded areas, are deposited for controll- 


types shown in 


materials, illus- 


ing the light transmission, and hence the 
amplitude ratios. The annular rine on 
this plate is of the same size as the image 
of the condenser ring diaphragm. All 
the direct light from the specimen must, 
therefore, pass through the ring of the 
Other light which has 
the structure of the 


diffraction plate. 
been diffracted by 


specimen passes through the remainder 


of the diffraction plate. The plate intro- 
duces phase and intensity differences be- 
tween the direct diffracted light 


from the specimen, which, when ecom- 


and 


FIG. 1. 
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bined in the image, may produce great} 
increased visibilitv. The equipment 
simple in construction and easy to us 

This 
found 
jects in which the details have little or 
no optical contrast but differ from their 


form of microscopy has been 


useful in the examination of ob 


surroundings only in refractive index or 


actual thickness, and thereby in light 
path. The 
can be made to appear either brighter or 
darker their Many 


examples are to be found in industrial 


details of such specimens 


than background. 
and scientific fields, such as crystals i 
their mother liquor, living cells, tissues 
bacteria, parasites, molds, synthetic and 
natural fibers, emulsions, transparent 
replicas of surfaces, and minute surface 
effects on glass or plastics. Staining of 
specimens is unnecessary, and examina 
tion of living organisms can be made. 
Figure 2 shows photomicrographs ot! 
-naphthol erystals in brine. A shows 
that little can be seen with the ordinary 
bright-field the con 
denser stopped down to give maximun 
contrast in the 
with the Spencer Phase Microscope with 
a diffraction plate of the A 
with metal so 


microscope with 


image. B was taken 
tvpe whose 
annular ring was coated 
as to transmit 7 percent of the direct 
light and with dielectric material of suc] 
thickness that the direct light is retarded 
by one-quarter of a wave length mor 


OPTICAL SYSTEM OF THE PHASE MICROSCOPE 
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FIG. 2. 
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an is the diffracted light. C shows 
same specimen with reversed con- 
ot plate 
vherein the ring transmits 20 percent 

the light but 
electric material. The dielectric ma- 
erial is applied to the remaining por- 
is of that a 
retardation of wave 


eneth of lieht is obtained. 


rast produced by use an A 


incident contains no 


and 1s such thickness 


baa 
one-quarter of a 
One of the important results of our 
is that 
plate is suitable for all types of speei- 
mens. It found to 
select the magnitude of the light retarda 


nvestigation no one diffraction 


has been necessary 

tion and absorption, also the type of 

liffraction plate—whether A+, A-, B 
> (Fig. 1) in order to obtain opti 

im visibility for particular types of 
specimens.! 

At present the range of plates neces- 
sary for a large variety of specimens has 
been determined as a result of experience 
hn the examination of many kinds of ma- 
terial, and further investigation is in 
IrOOTEeSS. 
observation, a few 
phase-contrast ’’ the 
rl Zeiss and recently brought to this country 
tter we had exhibited the Spencer Phase Micro 
ope have only one diffraction plate of the A4- 


to this 
units 


In eontrast 


made by firm of 


pe for each objective lens. 
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THE VOYAGE OF THE CHALLENGER 


By JOEL W. HEDGPETH 


FISH AND OYSTER COM 
IS} ) ER 


SEVENTY vVears ago, on May 24, 1876, 
a seaworn British man-of-war, disarmed 
and laden with a most unwarlike cargo 
of mud samples and pickled specimens of 
creatures from the ocean depths, dropped 
anchor at Spithead after a three-and-a- 
Thus, 


crowds. 


half vear absence from England. 
fanfare or cheering 

HM.S. Challenger came home, and with 
the completion of her peaceful voyage of 


without 


68,890 nautical miles the new science of 
oceanography was well begun. It was a 


long and adventurous voyage, which 
more than fulfilled the expectations of 
those who had planned it, although it 
their 
the active formation of chalk on 


the ocean bottom and the oceurrence of 


upset some of favorite theories 


about 


MISSION, ROG 


the primordial stuff of life in the depths 


The vovage also established the reputa 


tions of several vounge gentlemen wi 
had shipped on as naturalists at a sala 
of £200 per annum, and it nearly bore: 
the statf to 


before it was over. 


many of naval tears long 
It has been said that the primary mot 

vation of the Challenger Expedition was 
the hope of proving the ‘‘continuits 

the chalk’’ and the prevalence of bathy 
bius, but the expedition was planned 01 
such a broad and inclusive seale that thi 
refutation of these popular theories earl) 
in the had little effeet on its 
The credit for conceiving and 
instigating the Challenger Expedition 
belongs to Professor Wm. B. Carpenter, 


vovage 


course. 


MARCH 


1873 


H.M.S. CHALLENGER, ST. THOMAS, W. L., 
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e University of London, and Profes- 
Charles Wyville Thomson, of Edin- 
rh. Convineed of the need and value 


eep-sea exploration by thei~ prelimi- 


dredging work around the British 

s on H.M.S. Lightning in 1868 and 
M.S. 1869 1870. 
decided that the time had come to 
undertake a more extensive expedition. 


Porcupine in and 


idently many others were of the same 
nion, even in naval circles, for Car- 
euter’s preliminary correspondence with 
the Admiralty on the proposed deep-sea 
exploring expedition early in 1871 was 
favorably received, 

The Admiralty waited only 
formal request from the Roval Society, 
ind by the closing months of 1871 a com- 
mittee of the Society had been set up, 


upon a 


and the plans for the ‘‘ vovage of cireum- 
navigation’? were well under way. This 
committee included, in addition to Car- 
penter and Professor T. H. 
Huxley, who played an important part 
in drawing up the research program for 
Mr. Gwynn Jeffreys, an 
enthusiastic conchologist who was to be- 


Thomson, 


the vovage; 
come the father-in-law of Moseley, one 
of the young naturalists who made the 
Mr. Alfred Wallace; 
and several other eminent men of British 
Indeed, one misses only the 
name of Darwin from this committee. 
By the end of June 1872 the Admiralty 
had the 
steam corvette of 2,306 tons, for the vov- 
little time after that in 
refitting her according to the suggestions 
of the committee of the Roval Society. 
The Challenger, up to the time of her 


commissioning as a research vessel, did 


Russell 


vovage; 


sclenee, 


commissioned Challenger, a 


and _ lost 


ave, 


not have a particularly distinguished 
record. She was built at Woolwich and 
aunched on February 13, 1858. In 1860 
the Challenger was sent to Mexico and 
occupied Vera Cruz in an effort to collect 
ndemnities due British citizens but with- 
irew without gaining any settlement. 
Water the ship was sent to Australia and 
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in August 1868 shelled Rewa in the Fiji 
Islands in retaliation for the murder of 
a missionary and some of his dependents 
Asa 


“some natives were 


Some boats were also sent ashore. 
result of this action, * 
killed,’’ the 
turned to the Fijis on the peaceful busi 


and when Challenger re 
ness of selence mans of the natives took 
to the woods. The ship’s career after the 
completion ot the eruise Was evel less 
she cut down as a 


distineuished : Was 


barge and remained in this humble ser 
vice until 1921. 

While the Challenge 
fitted, the scientific staff for the expedi 
tion was appointed, with Wyville Thom 
Although he was relue 


was beine re 


son as director. 
tant to accept this post, whieh he believed 
more suitable for a vounger man, he 
As it turned 


out, the long vovage impaired his health, 


agreed to direct the cruise. 


and he did not live to see the reports of 
the expedition completed or to write a 
book on the Pacifie which he had planned 
to complement his preliminary volumes 
on the Atlantic. Wild, a 
Swiss artist, was appointed artist and 
The remainder 


John James 
secretary to the director. 
of the staff, as originally appointed, con 
sisted of J. Y. Buehanan as chemist and 
physicist and H. N. Moseley, William 
Stirling, and John Murray as natural- 
Before the cruise began, Stirling 
and Rudolf W illemoes- 
Suhm. Privatdocent in Zoology, of the 
Munich, was appointed 


ists. 
resigned, von 
University of 
The most important position of captain 
of the ship was given to Captain G. S. 
Nares, an experienced survey officer. 

At last the lengthy preparations were 
completed, the supplies aboard, and the 
expedition was ready to start upon its 
There had been mueh 
that 
dedi- 
the 


four-vear COUPSe. 
the including 
inimitable journal Punch, 
cated its December 28 
Challenger. vovagers 
‘*the Mel- 


There had been some questions 


publieity in press, 
which 
number to 

the 


Herman 


admonishing 
to read whale, by 


ville.’’ 
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but being 


assured that the cost of the expedition 


raised in Parliament, on 


would be ‘‘no more’’ than that of keep 
ine the vessel in commission, Parliament 
approved the funds. 
possible advantage, and in the highest 
hope of being able to fulfill her difficult 
mission, the Challenger cast off from the 
jetty at Portsmouth at 11:30 A.M. on 
Saturday, the 21st of December, 1872.”’ 
The last man aboard was a vouneg navi 
Herbert 
who was to be the last survivor of the 


‘Thus, with every 


vatine sublieutenant. Swire, 


expedition and the author of its most 
readable journal. 
No better idea of the men who were to 


be messmates and fellow-adventurers in 


science for nearly four vears can be had 


than from Lieutenant Swire’s journal, 
as he met them for the first time on board 
the Challenger: 


Our civilian scientific staff, on the whole, have 
turned out 
ot 


sure trip’’ 


pretty 


good sailors, especially one 
them, who has just returned from 
North Sea whaler! 


Kirst, then, as head of 


a ‘‘plea 
in a 
staff, we 

Wyville 
an appointment worth 


the civilian 


Professor Thomson, rather, 


He pave 


&* 


have Or, 


Thomson. up 
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ALLENGER, 


1872-1876 


£9) OOO 
Vy 


some 


a year to join this ship, where he 


gets only half that sum, but will doubtless 1] 
the satisfaction of placing his name on the 
ot ot 


who have gone before him. 


fame with those eminent scientifie 1 


The professoi is 
stoutish man and has not yet got over his s 
sickness, so [ know little or nothing of him 4 


Then 


who 


there is Murray, naturalist, 
the 


Buchanan, 


sonally. 
think, 
mentioned ; 


sailor-like individual befo 


Is 


whose strong point 
not discovered ... : vol 


science I have 


Suhm, a | 
decent 
of the 
artist 


vet 


tanist and a Dane or German, 


sort of fellow to boot, and the voungt ST 


‘*philosophers,’’ as we call them; W 


Swiss, who is 


be 


naturalist, 


and 
to 


very 
the 


chockfull 


dy speptic 


seldom observed vulga) 


Moseley . 


even unto bursting. 


by eve 


and of scien 

Now of our own people, the first is Capt 
Nares, to be 
devilish good fellow and one of best ca 
H.M.’s Service; he 
parts of the world, ineluding the Arctie regio 
the 
In personal appearance he reminds 1 
the of Elizabeth’s 


Shakespeare, Raleigh, or some such countenan 


considered 
the 


served 


who is 


generally 


tains in has in 


where he went with Franklin search ex} 
dition. 
intensely of faces reig 
or perhaps it is Charles I that his face calls uy 
at any rate there he is, pointed beard, high b 

and head a full round top: 

clever man by the shape of his head, most peop 
Next Maclea 


who is second in command, and also has charg 


forehead, with 


would say. comes Commander 
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of the magnetic department of the expedition, 
and seems to be a good fellow; in fact, to save 
time I will at once state as a fact beyond dis- 
pute, that we are all good fellows, every one 


of us. 


Among the other members of the naval 
staff was the son of the Duke of Argyll, 
Lord George Campbell, who was to write 
a popular journal of the cruise that went 
through several editions. He brought 
along his Newfoundland dog, which was 
not the least of the Challenger’s comple- 
ment of livestock. In fact, the Chal- 
lenger was equipped with a miniature 
barnyard on the main deck, including 
‘‘at least twenty ducks, fifty hens and 
cocks, several geese, and about fifteen 
sheep.’’ There was also a small garden. 
Moseley, in his journal, devoted a page 
or two to an account of the fauna ac- 
quired by the ship on her voyage: the 
unwelcome rats and cockroaches; the 
spiders, invited aboard by the surveyors, 
who used their webs in their instruments ; 


and the two parrots purchased by him- 


self and von Suhm. One of the parrots 
met an untimely end in a pan of hot 
caustic potash, but the other, named 
Robert, survived the trip and learned to 
say as the dredge came up: ‘‘ What! Two 
thousand fathoms and no bottom! Ah, 
Dr. Carpenter, F.R.S.”’ 

From the vantage point of seventy 
years it would seem that all the Chal- 
lenger lacked was a musical score by Sir 
Arthur Sullivan. Certainly W. 8. Gil- 
bert could not have picked a more typi- 
cally English crew, with the added touch 
of a foreign naturalist. It is possible 
that some of the members of the scientific 
staff realized this, for they cheerfully 
accepted the familiar label of ‘‘ philoso- 
phers.’’ But it was to be a long, hard 
cruise, and the young German naturalist 
was never to see his native land again. 
Of the 243 men who left with the Chal- 
lenger, 144 returned. Of the original 
crew, 61 deserted the ship, which indi- 
cates that life aboard one of Her 
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Majesty’s ships in those days did not 
appeal to many of the common sailors. 

The Channel in December was rough 
beginning for the voyage, and it was not 
until December 30 that the first sound- 
ing was taken. Then, in Latitude 41° 57’ 
N., Longitude 9° 42’ W., at a depth of 
1,125 fathoms, the dredge was lowered 
for the first time. The first try was un- 
successful because of the high sea, but 
on the second attempt a load of mud and 
a few creatures, including a handsome 
starfish, were brought up. Champagne 
was chilled in a tubful of 
brought up by the dredge, and the sue- 
cess of the expedition was drunk. It was 
not until February 15, 1873, however, 
that the first official station was taken, 
at 27° 24’ N., 16° 58’ W., in 1,890 
fathoms, about 40 miles south of Tener- 
iffe. This, according to J. Y. Buchanan, 
was the birthday of oceanography. 


icy ooze 


ALTHOUGH the original itinerary of the 
Challenger included a more extensive 
exploration of the South Atlantie than 
was actually undertaken and a line 
across the North Pacific to Vancouver 
which was evidently cancelled because of 
the transfer of Captain Nares at Hong- 
kong to an arctic expedition, the Chal- 
lenger’s voyage still stands as the longest 
continuous exploration by a scientific 
vessel. Ships like the Aibatross and the 
Carnegie logged more miles, but their 
careers included several separate voy- 
ages. Many of the gaps left by the Chal- 
lenger on her pioneer voyage have since 
been filled by other vessels, but it can 
still be said that the ocean is but partly 
explored. There are vast areas in the 
South Pacific and Indian Ocean which 
have yet to be sounded—even in these 
days of rapid sounding methods—let 
alone sampled for their fauna and tested 
for their physical and chemical charac- 
teristics. The Challenger had planned 
to make a complete station at regular 
intervals around the globe, but cirecum- 
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stances did not always permit this; the 
total number of official stations was 362. 

When the Challenger began to dredge, 
even the deckhands were curious, but as 
the years wore on fewer and fewer mem- 
bers of the staff remained on hand when 
the dredge was brought aboard, until at 
the end only the indefatigable Wyville 
Thomson remained for a first glance at 
the booty. It became a tedious chore for 
the naval staff, and a water haul was 
often a source of argument as to whether 
the dredge had actually reached the bot- 
tom. When it is remembered what a 
difficult and dangerous operation deep- 
sea dredging was seventy years ago, it is 
remarkable that only one man was killed 
by a failure of the tackle. Indeed, the 
loss of equipment during the long voyage 
was a record any modern vessel might 
be proud of: although Buchanan’s sum- 
mary of the loss of thermometers is con- 
fusing, since his total of 13 thermometers 
lost does not tally with his itemized list 


of 19 carried away and the added loss of 


‘‘two temperature lines with eight 
thermometers’’ and still another loss 
mentioned later. At any rate, it appears 
that the Challenger lost at most 28 ther- 
mometers during soundings. According 
to the official summary, 48 thermometers 
were expended altogether. The dredg- 
ing operation was even more successful, 
for the tackle broke but eleven times 
during the voyage, leaving a dredge or 
trawl on the bottom. This record is espe- 
cially remarkable when it is remembered 
that hempen sounding and dredging lines 
were used throughout the voyage and 
that dredging was a tedious business. 
An idea of how tedious it was for those 
not particularly interested in science can 
be had from Lord Campbell’s Log 
Letters: 
Dredging, I may say without fear of contra- 
diction, was our—the naval officers’—béte noir. 
The romance of deep-water trawling or dredging 
in the Challenger, when repeated several hun- 
dred times, was regarded from two points of 
view; the one was the naval officer’s, who had 
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to stand for ten or twelve hours at a stretch 
carrying on the work, and who, always except: 
ing that he did not like his day’s work to hay 
been done in vain, did not know much about, or 
scientifically appreciate, the minute differences 
between one starfish, one shrimp, one sea-cucum 
The other 
point of view was the naturalist’s, to whom th 
whole cruise was a yachting expedition, who 
had not to earry on the practical working of 
the dredge, to whom some new worm, coral, 0; 
echinoderm is a joy forever, who retires to a 
comfortable cabin to deseribe with enthusiasm 
this new animal, which we, without 
thusiasm, and with much weariness of spirit, to 
the rumbling tune of the donkey-engine only, 
had dragged up for him from the bottom of 


ber, one sea-urchin, and another. 


much en 


the sea. 


Probably some of the young lord’s 
shipmates, when they read these words, 
thought he was putting on just a little, 
for Lord Campbell apparently never 
missed a shore leave and was evidently 
the ship’s most indefatigable excursion- 
ist. Lieutenant Swire, who wrote a 
better journal, was less fortunate. As a 
member of the surveying staff, he had 
to spend much of his time ashore on 
unexplored islands at his instruments 
while Lord Campbell and the naturalists 
ranged gaily over the terrain. He also 
became heartily sick of the dredging and 
wished for an end to it before the first 
year of the voyage was out. Another 
tedious job aboard the Challenger was 
that of the chemist, although that indi- 
vidual left no journal with passages of 
lamentation about his unhappy lot. 

The chemist of the Challenger will 
always be remembered for his bursting 
of the ‘‘bubble of Bathybius.’’ This 
fabulous substance had been discovered 
in bottom samples secured on telegraph 
cable surveys and appeared to be some 
sort of life. Huxley considered it some 
sort of amoeba and named it after his 
colleague Haeckel, and Haeckel consid- 
ered it the mother of protoplasm. It 
proved very elusive to the naturalists of 
the Challenger, although they sought it 
diligently. Buchanan, however, was a 
chemist, and as such he ‘‘looked at the 
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matter from a different point of view 
from that of the naturalists.’’ Failing 
to find a trace of organic matter by 
analysis of the several specimens finally 
caught by John Murray, Buchanan sus- 
pected its inorganic nature and demon- 
strated that bathybius was nothing but 
an amorphous precipitate of sulphate of 
lime in spirits of wine and sea water. 

Thus a great scientific idea came to an 
ignominious end. Graciously conceding 
that bathybius had been of some use, 
Buchanan declared in his report that it 
‘should not be allowed to pass into ob- 
livion.’’ Indeed it should not, for sei- 
ence should remember its errors perhaps 
even more carefully than its successes. 
Although the Challenger’s philosophers 
laid bathybius low, they were not im- 
mune from mistakes of their own, as 
Swire relates in his Journal: 


A wonderful new piece of clayey substance 
turned up in the analysing room, of whitish 
colour and having many remarkable peculiari- 
ties. It was found amongst specimens of the 
soils, ete., composing the islands of Bermuda, 
and as this particular substance had evidently 
not before been noticed by geologists and others 
as belonging to the Bermuda formation, the 
philosophers sat in solemn conclave, made an 
elaborate analysis of the strange stuff and sent 
home to England accounts of their great dis 
covery. They were well satisfied with what 
they had done till, alas, one day a marine, prowl- 
ing round the analysing room saw lying on the 
table an article which he at once recognized as 
a missing piece of pipeclay, his property, and 
took it away with him. No sooner did the 
philosophers miss the valuable substance which 
they had so long been puzzling over than they 
raised the hue and ery, when the story of course 
out, and loud was, and is, the laugh 
against our learned men for this unaccountable 
blunder. 


came 


Achievements far outweighed blun- 
ders, however. In addition to settling 
the fate of bathybius, the Challenger’s 
investigations included the first eompre- 
hensive analyses of the ocean bottom, 
demonstrating incidentally that chalk 
was not being laid down on the ocean 
floor by the shells of marine organisms. 
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The pelagic character of many of the 
minute organisms of the sea, whose shells 
had been known only from bottom sam- 
ples, was proved, and the fauna of the 
great depths was collected for the first 
time. Many had hoped for living fossils 
from the deep dredgings, but none was 
discovered, and the essentially 
temporaneous character of deep-sea life 
with that of the shore and shallow sea 
soon was determined. The incidental 
fact that no traces of Atlantis were found 
did not discourage the ardent believers 
in that old tale of Plato’s—mere nega- 
tive evidence has never discouraged an 
antediluvian. 

The sea-water determinations based on 
Challenger samples were so accurate that 
subsequent analyses have caused only 
minor corrections, and it can be said that 
the chemical nature of water was 
definitely established on this voyage. 
Many of the Challenger’s most important 
results were published in British jour- 
nals during the cruise. One of these 
reports prompted a humorous bit of 
doggerel in Punch; another, on prelimi- 
nary temperatures, was the cause of an 
the scientific staff. 
W. L. Jordan, author of a semipopular 
treatise on hydrography and oceanogra- 
phy and possibly somewhat jealous of 
his colleagues, believed that the revised 
temperatures, based on later computa- 
tions, were deliberate attempts to fit facts 
to preconceived notions and published 
a thirty-five page pamphlet to prove his 
ease. It is true that the Challenger’s 
thermometers were not as precise as those 


econ- 


sea 


accusation against 


used today, but subsequent researches 
have supported the essential accuracy of 
the Challenger’s temperatures, and Jor- 
dan’s pamphlet is little more than a 
curiosity. 

An unanticipated result of the voyage 
was the series of journals by various 
members of the expedition, which are 
useful information about 
native life and manners on Pacific islands 


sourees of 
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and places which have changed beyond 
recognition in the seventy years since the 
Challenger visited them. All these jour- 
nals were written during the cruise, but 
one of them was not published until 1938, 
when Herbert Swire’s journal was hand- 
somely printed by the Golden Cockerel 
Press at a de luxe price which has kept 
it out of reach of those who can best 
appreciate it. The journals by Moseley 
and Campbell, published shortly after 
the voyage, ran through several editions, 
and Moseley’s book, stuffed with natural 
history and anthropology, is still kept in 
print, a standard item for libraries of 
scientific travel and exploration. 

For such a long cruise, the Chal- 
lenger’s was comparatively uneventful: 
on the whole, it was a placid plodding 
around the world under sail (steam was 
used only for dredging and emergencies) 
at the leisurely speed of eight or ten 


knots. There was a close shave during 


a dangerous night on the edge of the 


antarctic ice and an unpleasant hour or 
two off Tierra del Fuego when the anchor 
struck a rock and broke, leaving the ship 
to drift toward a lee shore, and there 
were a few close calls with uncharted 
reefs, but that was all. The old recon- 
verted warrior, with all her gunports, 
proved an unexpectedly comfortable and 
airy ship. Ten of the Challenger’s origi- 
nal company of 248 died during the 
voyage, including a man lost overboard. 
Although rescued, he died shortly after. 
His rescuer, who had dived over after 
him as soon as the ery of ‘‘man over- 
board’’ was raised, was awarded the 
Albert Medal for his ‘‘most gallant 
action.’’ 

The most serious loss in the ship’s com- 
pany was the death from erysipelas of 
the young German naturalist von Wil- 
lemoes-Suhm shortly after the ship left 
Hawaii. In the light of the subsequent 
careers of the rest of the Challenger’s 
scientific staff, it is safe to say that von 
Willemoes-Suhm’s name would have 
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been eminent in zoology had he survived. 
Moseley became a well-known zoologist, 
one of the founders of the Marine Bio- 
logical Association of the United Kine- 
dom, teacher of several fine students of 
eoelenterates, and the father of En- 
gland’s most brilliant physicist, whose 
death at Gallipoli was one of science’ 
most grievous losses. Buchanan became 
oceanographer for the Prince of Monaco, 
while Murray’s name became virtually 
synonymous with oceanography itself, 
and his researches earned him a knight- 
hood. 


WitTH the completion of the voyage, 
the Challenger’s work was just begun. 
The collections of plants and animals 
had to be sorted and sent to specialists, 
the chemical and physical data had to be 
checked and analyzed, and the reports 
seen through the press. The collections 
were deposited in the University of Edin 
burgh, and John Murray remained as 
Wyville Thomson’s assistant to handle 
the material. When Thomson died in 
1882, Murray fell heir to the Challenger 
material, and today it is his name which 
is remembered in connection with the 
voyage. 

There is some justice in this, for, with- 
out Murray’s personal fortune and un- 
flagging interest in oceanography, the 
complete Challenger reports might never 
have been published. Murray financed 
many of the fifty folio volumes, which 
are the Challenger’s monument, from the 
income derived from the development of 
the phosphate resources of Christmas 
Island in the Indian Ocean. He often 
said that the revenue to the Crown from 
this development, which was a by-prod- 
uct of his studies of ocean deposits, alone 
paid for the Challenger Expedition. 
Written by the authorities of the day, 
many of the Challenger reports are still 
the indispensable starting points for the 
study of marine life. This is especially 
true of zoology since so many new spe- 
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cies were brought up by the Challenger. 
There were other difficulties beside finan- 
cial ones involved in the publication of 
the Challenger reports. An especially 
notable one is best appreciated from an 
explanatory slip which is attached to the 
title page of one of the volumes: 


This is one of the copies referred to in the fol- 
lowing Extract from the Third Report of the 
Controller of Her Majesty’s Stationery Office, 
presented to Parliament in 1890:— 


The publication of the reports, by no means 
all of which, as your Lordships will recollect, 
were prepared in Great Britain or Ireland, has 
gone on without any mishap until a few months 
igo, when, unfortunately. a steamer carrying 
from Leith to London 300 copies of a volume 
then lately issued, was run into and sunk off 
the Lincolnshire coast. Among the damaged 
cargo afterwards recovered from the wreck and 
sold by auction by direction of the honourable 
Corporation of Trinity House, under the Re 
moval of Wrecks Acts, 1877, were 13 cases con- 
taining about 190 of the lost ‘‘Challenger’’ 
volumes, in a more or less spongy state. These 
bought back by the Stationery Office. 
They have since been taken out of the covers 
and dried, and it seems probable that from 
them, with the addition of new copies of some 
of the plates which happen still to remain on the 
stone, about 100 copies may be made up, 
stained, but for all practical purposes perfect. 
The copies thus made up will not, unless spe 
cially asked for, be issued for sale until the 
injured stock of the volume is exhausted. 
[t is not impossible that in the eyes of future 
owners the imperfections of the recovered vol- 
umes may be compensated for by the knowledge 
that the books, like the ‘‘Aleyonaria’’ and 
‘*Polyzoa,’’ which are beautifully figured in 
them, have been drawn from the bottom of the 


were 


sea. 


Their pages still taste of salt. 

Finally, in 1895, nineteen years after 
the end of the voyage, the Challenger 
Reports were completed. The complete 
set of fifty volumes has since become a 
model for expedition reports, although 
few have equalled the Challenger’s series 
in range of subject matter or complete- 
ness. There are volumes on zoology, 
botany, hydrography, bottom deposits, 
and the history of oceanographic research 
up to the time of the Challenger Expe- 
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dition ; and on that long row of big green 
volumes is based the modern science of 
oceanography. Their completion was 
just cause for celebration, and in com- 
memoration of the event John Murray 
had a medal struck off and presented to 
each contributor; the contributors made 
up ar album of their photographs for 
Murray, which was later published in 
facsimile as a souvenir. 

Seven hundred and fifty sets of the 
Today the sets 


reports were published. 
repose in libraries all over the world, a 


consulted monument to a 
As for the ship herself, 


constantly 
great enterprise. 
she was decommissioned and turned into 
a coal barge. But the completion of the 
reports and dispersal of the scientific 
staff was not the end of the Challenger 
as a name in oceanography. Today much 
of the original collections, together with 
John Murray’s library, is in the custody 
of the Challenger Society at the British 
Museum, which plays a leading part in 
directing oceanographic work in Great 
Britain. 

ven in the Challenger’s day, before 
the cruise was completed, other nations 
realized the importance of scientific re- 
search on the high seas, and several expe- 
ditions were fitted out. The Challenger 
had hardly begun her cruise before the 
Germans sent out the Gazelle for a two- 
year cruise. A few months after the 
Challenger returned, Alexander Agassiz 
began his active career in oceanography 
by directing the first cruise of the Blake 
in the waters of the Caribbean and Gulf 
of Mexico, and the Norwegians com- 
menced their North Atlantic investiga- 
tions in the Voringen. 

Still, after seventy years of deep-sea 
research, we have only made a beginning, 
and knowledge of the ocean, its life and 
physical characteristics, is more useful 
than ever. The war brought this out in 
many ways, for the Navy was confronted 
with problems as diverse as the effects of 
eurrents on life rafts in midocean and 
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the sounds made by fish and shrimp in 
submarine-detection devices. It is safe 
to say that the study of the oceans will 
be intensified in the next few years, for 
several governments are already plan- 
ning investigations. The Danes have a 
ship ready for work off the African coast, 
and the U. S. Navy has just established 
a Division of Oceanography in its Hydro- 


graphic Office. Perhaps there will never 


be another such expedition as that of the 
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Challenger, with her crew weighing 
anchor the first thing in the fresh morn- 
ing of a new science. But the age-old 
challenge of the deep, which has stirred 
men of curiosity since the beginning of 
time, is still as strong as ever, and men 
still sail out to meet it. Certainly no 
research vessel can have a better name, 
and few can hope to gain as important 
a place in the history of science as did 
Her Majesty’s Ship Challenger. 
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By GARRETT HARDIN 


SCIENCE DEPARTMENT, SANTA BARBARA COLLEGE 


The editors of the MARTIAN MorNING 
REVELATION are proud to present to their 
another exclusive REVELATION 
revelation. The following document was 
found engraved on stainless steel plates 
which have only recently been uncovered 
near the site of Worldly New York. 
With the discovery of these plates we 
have, for the first time, found evidence 
that at least a few Worldlings tried to 
fend off their doom. . . . What a strange 
quirk of Fate that these people, who 
titillated themselves with visions of 
‘atastrophie destruction by atomic power 

-which to these primitive folk seemed 
a wondrous thing—should instead have 
perished peacefully, inexorably ‘‘suffo- 
eated,’’? as one of their prophets put it, 
‘‘by their own intellectual exereta.’’ 


readers 


Last Meeting of the Board of Trustees 
of the New Alexandrine Library Fund 


January 20, 1955, at 1500. 

THE meeting was opened by Mr. Gregory 
Adams, Chairman. The minutes of the pre- 
vious meeting were read and approved. The 
treasurer’s report was read and approved. 
There being no further routine business, the 
chairman proceeded to a summing up of our 
activities. 

Mr. Adams. Gentlemen, this is a melan- 
choly oeeasion. We are gathered today, only 
a little more than two years after the begin- 
to give the coup de grice to the New 
Alexandrine Library Fund. The aims of 
Mr. Babeock, the founder, have not only not 
been carried out, they have been completely 
thwarted. Eighty million dollars thrown to 
the winds! Think of it, gentlemen. 

It seems to me that we ought to have a 
ceremony of some sort, but I don’t know 
exactly what. You lay a cornerstone when 
you begin a building, eut a string when you 
open a road. But what do you do when you 
bury a dream? What sort of ceremony is 
appropriate? 


ng, 


Perhaps the most suitable thing we ean do 
is make the minutes of this, our last meeting, 
a sort of memorial to this dream. With that 
thought, I should like to read into the min 
utes a brief résumé of the life and death of 
the New Alexandrine Fund. You all know 
it as well as I, but if you will bear with 
me—perhaps correet me and add to the ree- 
ord——. It will be a sort of wake——. 

Just exactly where one should begin the 
story of Chauncey Babcock and his dream 
I’m not sure, but I believe it began about 
ten years ago when the librarian of one of 
the small Eastern colleges wrote a book in 
which, among other things, he pointed out 
that at the present rate of growth the Yale 
library, as an example, will, in the year 2040, 
contain two hundred million volumes ocecu- 
pying six thousand miles of shelves and will 
require a staff of six thousand librarians to 
do the cataloguing alone. I believe those 
were the figures. At any rate, the author 
proposed as a solution to this problem that 
libraries should change from full-size books 
to microbooks, books photographically re 
duced to a fraction of their original size. 
Similar proposals, differing only in details, 
were made by other scholars and scientists, 
some of them proposing perfectly fantastic 
gadgets for housing and using microfilm. It 
was thought that since microfilm took up so 
little space, the whole storage problem would 
vanish. 

It was at this point that Mr. Babeock 
became interested in the problem, and, al- 
though he was a businessman rather than a 
scholar, his native common sense permitted 
him to see the fallacy of the proposed solu- 
tions. Simply stated it is this: you cannot 
by any means of compression solve the prob- 
lem of storing a pile of documents which is 
growing without limit. You ean merely delay 
the day when the problem becomes spatially 
embarrassing. Instead of that day coming in 
two centuries, it may come in two millennia. 
But ultimately the day of reckoning must 
come. 

To suppose otherwise is absurd, as though 
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one supposed that since mice—to take an ex- 
ample—are individually very small animals 
they will never take up much space no mat- 
ter how much they reproduce. But we all 
know that any organism, no matter how 
small, will finally occupy the entire universe 
if it continues to multiply unchecked. In 
the long run, it isn’t the size of the individual 
that is important; it is the growth rate of 
In nature, the fecundity of 
various 


the population. 
plants and animals is opposed by 
causes of mortality, so that the net growth 
rate of most populations at most times is 


zero. In man’s libraries, on the other hand, 
there is a quite different situation. Here, 
apparently, there is no death, only birth. 
The number of library books doubles six 
times a century. How big those books are 
is a matter of only evanescent importance. 

Mr. Babeock realized that no real begin- 
ning can be made in the solution of the prob- 
lem until librarians begin to destroy their 
books. Libraries must have a well-thought- 
out system for getting rid of books, as they 
have for acquiring them. This seems obvious 
enough—to everyone but a librarian. His 
profession is getting and keeping books, stor- 
ing them and holding them. As a result he 
has, with very few exceptions, the magpie’s 
instinet developed to an exceptional degree. 
Whether the profession tends to select the 
person who has this hypertrophied instinct 
in the first place or to develop it in him after 
he enters the ranks, I don’t know. Probably 
a bit of both. The end product is the same: 
a magpie, a pack rat. So strong is his im- 
pulsion to collect that one cannot even dis- 
cuss with him the possibility of un-eolleeting 
and expect to receive a rational answer. Con- 
sider yourself lucky if your suggestion evokes 
nothing more violent than the cold, glassy 
stare of the outraged professional man. 

Plainly, some books and documents must 
be destroyed. But how persuade librarians 
of this? That was the problem Mr. Babeock 
faced. Weeding out had been proposed by 
laymen a good many times, but the proposal 
always met with the most bitter scorn. What 
was needed was some way to force or per- 
suade the librarians to aecept it. Mr. Bab- 
cock’s great contribution to learning and 
civilization was the discovery of a way. That 
it failed is almost incidental. It was a good 
idea. If the loopholes are plugged I think 
it may yet work, if given another chance. 
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Between 1945 and 1951, when he wrote his 
will, Mr. Babeock did a good deal of snoop- 
ing around libraries, investigating librarians, 
and questioning the users of libraries. Talks 
with scientists revealed one curious aspect of 
libraries, namely, that the more worthless 
books become for the scientist, the more valu- 
able they are in the eyes of the librarian, 
Take, for instance, the field of geneties. Be- 
fore Mendel, there were veritable libraries 
of books on heredity—Gaertner, Koelliker, 
Naudin, Koelreuter, to mention only a few 
of the seores of authors. Yet with the pub- 
lication of Mendel’s forty-page paper all 
these other tens of thousands of pages be- 
came utterly useless. Today, no one who 
wished to learn the facts of heredity would 
dream of consulting Gaertner or Koelreuter. 
As a matter of fact, he wouldn’t even look 
up Mendel’s obscure paper, for the essence 
of its forty pages can, without loss, be neatly 
stated in two. Yet, do the libraries throw 
away any of their copies of Gaertner and 
Koelreuter? On the contrary! Any “nor- 
mal” librarian would trade a hundred books 
of 1955 science for one musty, useless volum 
written by Gaertner and consider that he'd 
made a fine bargain. Librarians often jus 
tify the size of their elephantine institutions 
by pointing to the ever-increasing growth of 
science and of: scientifie publications which 
they must store. But science, ever-expanding 
though it is, is at the same time ever-contract- 
ing. It requires the expenditure of years of 
work and the publication of thousands ot 
scientific papers to arrive at a single great 
generalization. When you look at the situa- 
tion from the other end, you see that each 
great generalization makes obsolete and 
valueless tons of research reports that were 
spewed forth on the way. Scientists are 
aware of this facet; librarians seem not to 
have been informed of it. 

Rambles through library stacks led Mr. 
Babcock to another discovery. He found 
that, quite aside from “souree” works, for 
whose preservation there are ready-made 
rationalizations, there is a much larger moun 
tain of derivative works—textbooks and lik 
compendia—for which there is no excuse 
other than timeliness. Mr. Babeock was 
struck with the spectacle of the tons of old 
textbooks that clutter up libraries quite use- 
lessly. Take down any student text dated 
1900 and you will likely discover from its 
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record sheet that, although it was much used 
for the first five years, it was last drawn out 
about 1910. It has been sitting idle on the 
shelf for the past forty-five years and bids 
fair to be sitting there still on Resurrection 
Day, barring termites, fire, floods, earth- 
quakes, and bombings. 

Mr. Calhoun. Incidentally, the mention of 
termites reminds me of a story which none 
of you, I believe, except Mr. Adams has heard 
before. It was told to me by Mr. Babcock 
not long before his death. It seems that one 
day, permit in hand, he was browsing around 
in the basement of the main library of the 
University of Chicago when he discovered a 
young man pulling away some rotten wood 
from an old and much-patehed wall. Mr. 
Babeock beeame curious and asked the fellow 
what he was doing. He turned around and 
looked Mr. Babcock squarely in the face for 
perhaps five seconds, thus assuring himself 
that his interrogator did not have the physi- 
eal conformation of a librarian, then ex- 
plained: “I’m taking some of this wood for 
use in a zoology course. You see, there’s a 
good termite colony here, and we need ter- 
mites to illustrate Serial Homology and 
Convergent Evolution. We get them from 
here every year.” 

“But,” said Mr. Babeock, “doesn’t the 
library know about this? These termites 
could do a lot of damage, couldn’t they?” 

“T don’t think so. It’s too far north for 
them to really thrive. At any rate, when 
I’m through V’ll put in a new board where 
I took out the old one so as to keep the 
colony going. If you'll notice,” he said, 
pointing to the variegated wall, “this has 
been going on for a good many years, and 
they don’t seem to have started on the books 
yet. It’s an unwritten rule that each new 
zoology assistant shall show his appreciation 
to the Harper termites by putting in a new 
piece of wood and will not tell the librarian 
about the eolony. We hope that you, too, 
will respect the tradition, sir.” 

Mr, Adams. Yes, that’s right. I might 
add that Mr. Babcock even toyed with the 
idea of establishing an eighty-million-dollar 
termite hatchery, but gave it up on advice of 
a distinguished termitologist. 

(Laughter. ) 

And that brings us to another, and perhaps 
the most curious element of the whole library 
picture, namely, the librarian. As I have 
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intimated, years of tending books have made 
him more interested in the conservation of 
knowledge than in its dissemination. Dis- 
covery of this truth was quite a shock to 
Mr. Babeock, who had innocently supposed 
the contrary. He found, for instance, that 
librarians are pretty generally opposed to 
replacing books that are stolen, on the curious 
ground that the replacements will likely be 
stolen, too. They tend, though perhaps un- 
consciously, to buy unpopular books for this 
reason, though they never eall them unpopu- 
lar, of course; they call them “seholarly.” 
As you can see, if popular books are stolen 
and not replaced, and unpopular ones are 
left unmolested on the shelves, the result is 
natural selection working in favor of the 
worst books. In relative terms, as the library 
gets older and bigger, it gets worse and worse. 
But no librarian will consider remedial mea- 
sures. 

Mr. Falconer. 1 think you do librarians 
some injustice there. Admittedly, many of 
them are simply bibliophilie pack rats, but 
there is an appreciable minority that is quite 
aware of what’s going on. Suppose a libra- 
rian decides to weed out the deadwood, how 
is he to do it? Is he to take the responsi- 
bility alone? After all, each field requires 
its own experts to do the judging. What is 
needed is better liaison between the library 
and the rest of the departments. Some small 
institutions actually have a weeding-out sys- 
tem. The situation is usually worst in the 
larger places where the departmental walls 
are highest and the art of evading responsi- 
bility developed to the highest degree. The 
librarian in a large institution may be quite 
amenable to the idea of a book-purge, but 
he ean find no one to take the responsibility 
of naming the books. 

Mr. Adams. I think there is some truth in 
what you say. Perhaps it is not men but the 
system that is at fault. Whatever the eause, 
Mr. Babeock proposed to use his money to 
try to remedy the situation. He knew that 
a mere eighty million dollars wasn’t much, 
but he thought an humble beginning might 
be made, that a little money properly spent 
might have an immense moral effeet. Hence 
the terms of his now famous will: Twenty 
million dollars available to the libraries of 
Harvard, Columbia, Chicago, and Stanford, 
on condition that for each $10.00 they ap- 
plied for, one book of at least five hundred 
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pages must be removed forever from the 
stacks and destroyed. Yale University was 
also originally scheduled for a share of the 
Fund, but in the end it was decided to keep 
the Yale library as a control. 

Of course, there had to be a lot of legally 
complicated conditions designed to prevent 
the libraries’ acquiring duplicates of the very 
books disearded, which they might very well 
do, for librarians have collectors’ morals. 
But the mechanies of selecting the books to 
be discarded were left to the discretion of the 
beneficiaries. 

Well, we know the reaction when Mr. 
Babcock died and the terms of the will be- 
zame known. The four great universities 
simply exploded. On the one hand, there 
was pressure from the alumni and the trus- 
tees to accept the money, and on the other 
there was the hysterical refusal of librarians 
to commit such an unnatural crime. Cries 
of rape and pandering, sacrilege and desecra- 
tion, filled the air. There were threats of 
resignation and counterthreats of acceptance. 
One library employee actually did resign— 
he was a fifteen-dollar-a-week stack-boy at 
Harvard, who did so at the request of the 
head librarian. It was intended as a show 
of foree. The example was not followed by 
others. 

Finally, at Stanford, where the need for 
funds was most desperate, there came an 
offer of arbitration. They announced that 
they were willing to live up to the terms of 
the Fund, provided the provisions were made 
more generous. Whereas, they said, it cost 
$1.23 to accession an incoming volume, they 
estimated it would be impossible to remove 
a book for less than ten times that amount, 
on account of the clerical problem of rooting 
out all the cross-index entries, ete. We felt 
that their accounting was dubious but rather 
than be diverted to chasing that sort of red 
herring we used our powers as trustees and 
raised the ante to $20.00 a volume. The 
librarian’s letter of acceptance of the new 
conditions was overwhelming in its unenthu- 
siasm. Nevertheless, Stanford went ahead 
with the program. Six months later the 
librarian announced that he was sending us 
seventeen books for destruction, and would 
we please forward the library a check for 
$340.00 so the program could continue at full 
speed? It was only a modest beginning, cer- 
tainly, but at least it was a beginning. It 
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began to look like we might get somewhere, 
And then—the Harvard suit. 

Looking backward now, it seems rather sur- 
prising that as astute a businessman as Bab 
cock did not foresee this argument. None 
of us here foresaw it—but we aren’t Bab- 
eocks. It was a childishly simple argument, 
this invention of the Harvard Law School, 
but it was watertight. 

A personal bequest cannot be made on con 
dition that the beneficiary extirpate part of 
his person. You can’t leave your nephew a 
million dollars on condition that he have his 
nose cut off. He gets the money without 
meeting the condition. 

Harvard pointed out that a university is a 
legal person. Asking it to destroy part of 
its library is like asking it to destroy part 
of its person—ergo They have earried 
their case all the way to the Supreme Court 
and yesterday, as you know, they won the 
final round. We have been ordered to hand 
over the eighty million dollars to the four 
universities, unconditionally. 

And that, gentlemen, seems to be that. 

(There was a long pause.) 

Mr. Falconer. Well, I guess we fold our 
tents. That’s all, isn’t it? 

Mr. Adams. Oh, we have a couple of mil- 
lion in miscellaneous to dispose of. 

Mr. Hungate. What shall we do 
them? 

Mr. Falconer. Isn’t there some sort of 
gesture we could make with the money? 
Like setting up a foundation for the promo- 
tion of illiteracy? 

(Laughter. ) 

Mr, Adams. Gentlemen, this isn’t a funny 
oceasion. Let’s not make fools of ourselves. 
Something sensible now. This is a tragic 
occasion, and it ill befits us to behave other- 
wise. 

Mr. Bell. 
Where in God’s name will it end? Our 
libraries are doubling in size every sixteen 
years. There is no record of a human popu- 
lation continuously doubling in less than 
twenty-four-year intervals, and few have 
even approached that. Our own population 
is practically stationary now, bui the multi- 
plication of books continues unhindered. We 
won’t even be able to store the index ecards 
that tell where the books are. In 2040 ap. 
the Yale library will need six thousand eata- 
loguing librarians. If you continue the cal- 
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Tragic is an understatement. 
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culations you find that a century later this 
one library will need 384,000 ecataloguers. 
Another century and the figure is 23,000,000. 
-yesumably, Harvard, Columbia, Princeton, 
Texas, and California and all the other big 
libraries will have grown in a similar way. 
Are we all to end up in the eard-index room 
of a library? If everyone is cataloguing 
books, who on God’s green earth is going 
to write them? I don’t mean that would be 
a great tragedy, of course. But if all the 
world is covered with books and ecard indexes, 
where is man to live? 

Mr. Calhoun. While we all have our hair 
down, I have four clippings from the morn- 
ing paper which you may not have seen and 
which I’d like to read into the record. No, 
I won’t read them, either; they all say the 
thing three times over, as newspapers always 
do. ll just give you the gist of them. 

First, here’s a dispatch from Chicago which 
quotes the librarian as saying that during the 
next ten years the University of Chicago 
expects to acquire one million more volumes 
than it would otherwise have been able to, 
thanks to the thoughtful generosity of Mr. 
Babeock. The librarian goes on to say: 
“We expect to put our greatest efforts into 
strengthening the library of the Graduate 
Library School, buying upwards of 100,000 
volumes in the field of library science.” 

Second, a report from Stanford. The 
librarian there says, and I quote: “As a 
result of the farseeing bequest of Mr. Bab- 
cock we shall be able immensely to 
strengthen and improve our accessioning 
and indexing system. At the present time 
we are struggling along on a mere $1.37—” 
it’s gone up, I see—“1.37 a volume. The 
new bequest will permit us to institute the 
improved A.L.A. system, which will run the 
cost to around $5.00 a volume.” 

Mr. Hungate. It looks to me like Mr. 
Babcock overlooked something. He should 
have subsidized a series of research fellow- 
ships in librarianship, the fellows’ efforts 
to be spent in devising new and improved 
systems of accessioning. In twenty years 
or so we could reasonably expect the “best” 
system to be so supercolossal and expensive 
that no library would be able to afford to 
acquire and accession another volume. Re- 
sult—no more books acquired, no more 
problem. 
(Laughter. ) 
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Mr. Calhoun. Next, a report—you’ll love 
this—from Columbia. Columbia has man 
aged to purchase, for a mere $50,000, Pro 
fessor Bumblebucher’s entire collection of 
essays written by New York school children 
during the years 1930 to 1950 on the sub- 
ject “What George Washington Means to 
Me.” Accessioning this magnificent collee 
tion will cost an estimated million dollars. 
The dean of the Teachers College estimates 
that they should be able to squeeze at least 
thirty-five Ph.D.’s out of the material. 

But perhaps the prize of al] is a two- 
column article from Harvard on their plans. 
After a preamble in which the librarian 
tells what a tremendous problem theft is in 
a university library—Harvard, for instance, 
lost some 1,800 volumes last year, aggre- 
gating in value more than $15,000—he out- 
lines their plans for stopping this disgrace- 
ful leakage. Books are to be made virtually 
inaccessible, of course. No stack permits to 
faculty members of whatever rank. All 
library workers to be bonded. No brief 
cases, notebooks, overcoats, pens, pencils, 
or paper to be permitted in the library, and 
no books to circulate. All books will be 
given a special coating of a radioactive 
material on the backbone, just under the 
cover. Exit from the library will be only 
through turnstiles guarded by Geiger- 
Mueller counters which will indicate the 
proximity of radioactive material by ring- 
ing a fire-alarm bell. The installation ex- 
pense for all this Goldbergiana is estimated 
at $5,000,000, and the yearly maintenance 
at $150,000. It is expected to completely 
eliminate losses of books. 

Mr. Bell. Oh, Christ. 

(Silence. ) 


Mr. Bell. Since we seem to be through, 
I’d like to suggest that the board adjourn to 
my apartment where, in honor of the ocea- 
sion, there have been gathered virtually un- 
limited supplies of Pilsener and Chateau 
Wente ’47. 

Mr. Adams. There being no objection—? 

Mr. Hungate. How about the Red 
Cross? Let’s give the two million to the 
Red Cross. 

Mr. Adams. Is that agreeable with 
everyone? Very well, so be it. 

Mr. Calhoun. Just a minute. I have an 
idea. You said, Mr. Adams, that you 
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thought that the minutes of this last meet- 
ing should be a sort of memorial, and so 
you read into them a history of the New 
Alexandrine Library Fund. How about 
making use of this memorial? Say, have 
these minutes hand-lettered on parchment, 
four copies, and send one to each of the 
libraries? 

Mr. Bell. Gruesome, but I’m for it. 

Mr. Hungate. At the same time, better 
appropriate a ten-thousand-dollar gift to 
each university for accessioning the docu- 
ment, 

(Laughter. ) 

Mr, Adams. It is so ordered. 

Mr. Falconer. Do we want the complete 
minutes done that way, including the refer- 
ence to the wine and beer? 
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Mr, Bell. 
thing. 

(Laughter. ) 

Mr. Calhoun. Hold on. I don’t think 
we ought to let Chicago know about the ter 
I move that all reference to the te: 
expunged 
Those termites are our only remaining hop 

(No laughter.) 

Mr. Adams. It is so ordered. 

The meeting was adjourned at 1545, 


Damn it, yes. Including every 


mites. 


mites be from the memorials. 


The parchment manuscripts referred 
to on the plates have not been found, 
nor, in view of the peculiar end of the 
Worldly civilization, does it seem likely 
that they will ever be uncovered. 


THE EAR OF DIONYSIUS 


‘* All-seeing Eye’’—but why the Eye, 
And not the Ear all-hearing ? 

Speed the thought, it made him spry— 
Dionysius a tyrant being. 


Demanded he an Ear Immense 
For hearing avaricious. 

In stone it grew through season tense, 
‘‘The Ear of Dionysius.’’ 


It caught what eye could never gain, 
Nor missed the slightest stirring ; 

It picked the thoughts from Plato’s brain— 
And packed him off demurring. 


Since when the Ears wise men disprize : 
The fruits they yield are rumors. 
Knowing ones prefer bright eyes; 
For eyes are moist with humors. 


T. V. SmitH 





RELATIVE COOLING REQUIREMENTS FOR 
AMERICAN HOMES 


By STEPHEN S. VISHER 


PROFESSOR OF GEOGRAPHY, 


[x MORE than half of the United States 
outdoor temperatures are high enough 
during eonsiderable periods to make 
house cooling distinetly desirable. The 
regional contrast in the duration of hot 
weather and its intensity is an aspect 
of climate that is becoming interesting 
to an inereasing fraction of our people 
who hope to air-condition their homes. 

The present article is a summary of 
some official data on high temperatures. 
It is a companion to the article on heat- 
ing requirement contrasts in THE SCIEN- 
tric Montuuy for October 1945. It is 


less adequate than that article because 
data on high temperatures have been 


less thoroughly studied. This relative 
neglect of high temperatures is a natu- 
ral consequence of the fact that house 
heating is indispensable in much of 
America, whereas house cooling is not. 
When houses are too warm, our health 
is not endangered; we merely feel un- 
comfortable and accomplish less work. 
Moreover, even crude shelters can be 
rather simply heated, whereas cooling 
requires expensive equipment and costly 
buildings. 

Much evidence indicates that human 
efficiency declines at temperatures above 
70° F. Indeed, some data assembled by 
Ellsworth Huntington and others sug- 
gest that for intellectual achievement 
the optimum temperature is below 65°. 

Data on high temperatures of several 
sorts are available: (1) the highest tem- 
peratures ever officially recorded (the 
absolute maxima); (2) the average an- 
nual and monthly maximum tempera- 
tures; (3) the average daily maximum 
temperatures; (4) the normal, or mean, 
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daily temperatures, computed by aver- 
aging the highest and lowest tempera- 
tures experienced; and (5) the average 
duration of high temperatures. Under 
this fifth category several aspects of high 
temperatures may be considered, such 
as the number of days when the maxi- 
mum is above 90°, the number of days 
when the average of day-and-night tem- 
peratures is above 80°, the number of 
nights when the temperature does not 
fall below 70°. Finally, (6) of special 
interest from the standpoint of cooling 
requirements is the average number of 
‘*hot degree-day units.’’ A day with an 
average day-and-night temperature of 
71° has one such unit; a day with an 
average temperature of 75° has five such 
units ; one of 85° has 15 such units. This 
‘‘hot degree-day unit’’ is the converse of 
the ‘‘cold degree-day unit’’ discussed in 
the October 1945 article. Hot degree- 
day units have not been assembled by the 
Weather Bureau, which has done consid- 
erable work on the cold degree-day units, 
chiefly by, or under the direction of, 
J. B. Kineer. I have worked out aver- 
age hot degree-day units from data on 
‘*Mean Daily Temperature Normals.’’ 
A map showing the highest tempera- 
tures officially recorded in the United 
States was given in ‘‘Temperature Con- 
trasts in the United States,’’ THe Scren- 
TirFIc Montuuy for September 1942. 
There also were published maps of the 
average annual maximum temperatures 
and the average July temperatures. 
Hence, despite the relevancy of these 
maps to the present discussion, they are 
not reproduced here. The following de- 
secriptive summary little 


SO 


requires 














9210 THE SCIENTIFIC MONTHLY 


space, however, that it is justified. The 
whole country has had temperatures in 
excess of 100° except small areas in the 
mountains, along the northern Pacific 
Coast, in the Northeast, and in southern 
Florida. About three-quarters of the 
country has been hotter than 105°; 
nearly half of it has been hotter than 
110°. In each of 20 states one or more 
localities have had maxima in excess of 
115°, and five states have local records 
higher than 120°. (The national record 
is 134° in California, followed by 127° 
in Arizona and 124° in Nevada.) In 
the average summer the thermometers 
rise in about half of the country to 100°, 
and in about a fifth they rise to 105°. 
In the average year temperatures in 
excess of 110° are found chiefly in the 
arid Southwest (western Arizona, south- 
ern Nevada, and southeastern Califor- 
nia). About four-fifths of the country 
has a July day-and-night average in ex- 
cess of 70°, almost two-fifths has an aver- 
age above 80°, and parts of Texas, 
southeastern California, and western 
Arizona have July averages of more 
than 85°. 

Map 1 shows the number of days per 
normal year when the daily maximum 
temperature reaches or exceeds 90°. It 
reveals that nearly one-fifth of the coun- 
try has fewer than ten such days, an- 
other fifth has more than 60, and a 
sizable area in the South and Southwest 
has more than 100—parts of it more 
than 140. (Yuma, Ariz., has 164 such 
days and 96 days of 100° or more.) This 
original map is based on the records of 
many regular Weather Bureau stations 
as presented in the official summaries 
to 1944, supplemented by deductions 
from ‘‘Average Daily Maximum Tem- 
peratures 1916-1935’’ (official, mimeo- 
graphed, 1944). 

Map 2 indicates the average number 
of days per year having daily normals 
(average of day and night) above 70°. 


The middle of the country north and 
south has about 100 such days, whereas 
the northern border and most of the 
Pacific Coast have none. By contrast. 
near the Gulf of Mexico nearly 200 days 
have normals above 70°; southern 
Florida has more than 3800 such days. 
This original map is based on the data 
given in the official ‘‘Normal Daily 
Mean Temperatures’’ (Supplement 25, 
Monthly Weather Review). 

Map 3 shows that very hot weather 
(day and night averaging 75° or higher) 
is lacking in approximately a third of 
the country, but that it is normal for 
more than four months along the Gulf 
Coast. (This map is new; same source 
as Map 2.) 

Daily normals above 80° (Map 4) are 
almost restricted to the southern states 
and the Great Valley of California. 
Southern Texas and most of Florida 
have more than 90 days averaging above 
80°. (This map is new; same source 
as Map 2.) 

When the nights are relatively cool 
for several hours, permitting restful 
sleep, more daytime heat can be success- 
fully withstood than when the nights are 
hot. Map 5 shows the number of nights 
per average year when the temperature 
does not fall below 70°. This map sup- 
plements the foregoing ones by indicat- 
ing large contrasts in the need for air 
conditioning. It reveals that along the 
Gulf Coast there are about 80 such 
enervating nights per year, while in 
southern Florida there are more than 
100 (111), and in part of southeastern 
Texas as many as 135 such nights. Map 
5, new, is based on data deduced from 
the official ‘‘Average Daily Minimum 
Temperatures 1916--1935.”’ 

Map 6 presents the average annual 
number of hot degree-day units (total 
degrees above 70° times the number of 
days, derived from the daily normals). 
It reveals that the northern and western 
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MAPS 1-6. HIGH TEMPERATURES IN THE UNITED STATES 


1: DAILY MAXIMUM TEMPERATURES OF 90° F, 


OR HIGHER (AVERAGE NUMBER OF DAYS PER YEAR). 


2: AVERAGE DAILY TEMPERATURES (NORMALS) ABOVE 70° (NUMBER OF DAYS PER YEAR). 3: AVER- 

AGE DAILY TEMPERATURES (NORMALS) ABOVE 75° (NUMBER OF DAYS PER YEAR). 4: AVERAGE DAILY 

TEMPERATURES (NORMALS) ABOVE 80° (NUMBER OF DAYS PER YEAR). 5: HOT NIGHTS; AVERAGE 

NUMBER OF NIGHTS PER YEAR WHEN THE TEMPERATURE REMAINS ABOVE 70°. 6: HOT DEGREE-DAY 
UNITS, NUMBER PER NORMAL YEAR (SUM OF TEMPERATURES ABOVE 70°). 


borders of the country and the high west- 
ern mountain region normally lack hot 
degree-day units. By contrast much of 
the southern part of the country has 
more than 1,000 such units and the 
southern parts of Florida and Texas 
have more than 2,000 units. 

Map 6 indicates a sharp southward 
increase in the need for cooling. For 


example, New York City has about three 
times as many hot units as New Haven; 
Philadelphia, nearly twice as many as 
New York; Washington, a fourth more 
than Philadelphia; Atlanta, more than 
twice as many as Washington. Simi- 
larly, Cineinnati has nearly four times 
as many hot units as has Detroit; St. 
Louis, about twice as many as Cincin- 
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nati; and Memphis, almost twice as 
many as St. Louis. The cities on the 
Pacific Coast have no hot units except 
Los Angeles (the main part of which, 
including the Weather Bureau station, 
is some 20 miles iniand), which has 45, 
the same number as Erie, Pa. 

A seventh map, not published here, 
portrays the average number of hot de- 
gree-day units during the nine cooler 
months, September to May, inclusive. It 
reveals that more than half of the coun- 
try does not have any daily normals 
above 70° during most of the year. Con- 
versely, the southern states have more 
such hot days in spring and fall than 
most of the North has in summer. The 


southern parts of Texas and Louisiana 
and most of Florida have more than 500 
hot degree units in spring and fall (Key 
West has 1,463) ; southwestern Arizona 
and the nearby part of California also 
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have more than 500 units, Yuma having 
730. 

These maps, based on official data. 
reveal sharp regional contrasts in the 
intensity and duration of high tempera- 
tures and hence the need for artificial] 
house cooling, if maximum comfort and 
intellectual activity are to be attained, 
The South and the arid Southwest are 
conspicuously hot except on the coast. 
The dry heat of the arid region is nota- 
bly less enervating than the ‘‘sticky 
heat’’ of the humid South. The humid- 
ity of the South not only renders high 
temperatures more trying but it makes 
air conditioning distinctly more difficult. 
When moist hot air is cooled, condensa- 
tion is induced. Insofar as the relatively 
mild winters in the South encourage the 
construction of poorly insulated build- 
ings, artificial cooling in hot weather is 
rendered less efficient. 
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EDWARD ROSEN 


To TRACE the history of a fundamental 
idea through its eneounters with rivals 
and opposites, to analyze its modifica- 
tions and progeny, its allies and its 
enemies, its spread and decline, is a 
fascinating enterprise requiring philo- 
sophical acumen and wide learning. <A 
splendid example of this newer type of 
historical investigation was provided by 
Arthur O. Lovejoy’s penetrating study 
of a decade ago, The Great Chain of 
Being, which foeused its attention on 
Plato’s feeund doctrine of the full uni- 
verse—christened ‘‘the principle of 
plenitude’? by Lovejoy. The plenitu- 
dinarians, or plenists, saw in the realm 
of nature a vast ladder reaching down 
to the lowliest forms of life and rising 


rung by rung through progressively 


diminishing degrees of imverfection to 
that crowning glory of ereation—man- 


kind. Upon this ladder of natural 
beings otherworldly minds superimposed 
a hierarchy of disembodied spirits, rang- 
ing through various gradations of Intel- 
ligence to the Highest Good, for those 
of a metaphysical or mystical bent, and 
for those of a theological persuasion, 
through ascending orders of Blessedness 
to the Highest God. This organization 
of the sensible or supersensible world 
was mirrored in the structure of society, 
which comprised men and women of 
every level, from the humblest laborer 
toiling at a menial task to the most ex- 
alted dignitary. There were no gaps, 
no chasms; every potential type of exis- 
tence was actualized. Like a nation with 
a housing shortage, the universe was 
full. 

The principle of plenitude long domi- 
nated astronomical thinking, too, in a 
way that somehow escaped Lovejoy’s 
vigilant eve. It may be instructive to 


trace the fortunes of this ascendancy, 
from its rise in the Greco-Roman world 
of antiquity to its collapse in the Renais- 
sanece, when the age of unaided naked-eye 
observation was drawing to an unla- 
mented close. 

We may begin our little history with 
Claudius Ptolemy, in whom man’s per- 
sistent effort to discover the pattern of 
the cosmos attained, by common consent, 
its first great culmination. The Platonic 
prineiple of plenitude united with the 
Aristotelian concept of continuity to 
produce a vision in Ptolemy’s mind of a 
tightly-knit universe with no empty 
space. In his major work, the Syntazis 
(long known, by reason of Arabte adula- 
tion, as the Almagest), he attempted to 
ascertain the maximum and minimum 
distances of the sun and moon from the 
earth by the method of parallax, which 
is still the principal avenue of attack on 
this problem. Although his values for 
the sun were far too low, in the case of 
the moon his numerical results were 
astonishingly good. But however accu- 
rate or inaccurate his conclusions may 
have been with regard to the sun and 
moon, the method itself was inapplicable 
to the planets since, as he sadly admitted, 
‘‘none of them shows a perceptible paral- 
lax, the only phenomenon by which the 
distances are determined.’’ 

What sort of picture of the universe, 
then, confronted the diligent reader of 
the Syntaris? He knew (or thought he 
knew) how far from the earth the sun 
and moon were; but, as for the planets, 
only their relative distances were dis- 
closed, and it was acknowledged besides 
that no observational means were avail- 
able to compute the exact distances. 
Thus the powerful human eraving for an 


answer to the question ‘‘ How far?’’ was 
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left unsatisfied. Even Ptolemy must 
have felt the tug of this frustration, for 
in a subsequent work he adopted a non- 
observational approach. 

In the Hypotheses of the Planets he 
rejects Plato’s arrangement of Mercury 
and Venus above the sun with the fol- 
lowing application of the principle of 
plenitude to cosmic space : 

Mercury and Venus must be located not 
above the sun, but between the sun and the 
moon, lest this space, which is so vast in ac- 
cordance with appearance and also with our 
conclusions about the distances, remain empty, 
as though nature had forgotten and neglected 
it, and henee made no use of it. Yet it is 
capable of encompassing the distances of both 
the above-mentioned planets, which are nearer 
than the others to the earth, so that this space 
is exactly filled by the two planets alone. 


Ptolemy advanced this argument only 
to support his contention about the rela- 
tive distances of the inferior planets, 
and there he let the matter rest. But his 
words carried an implicit suggestion 


which was seized upon by later genera- 


tions. Had not the prince of astronomers 
said that Mereury and Venus e.ractly fill 
the interval between the sun and moon ? 
Did this not imply that Mercury’s least 
distance from the earth—its perigee— 
must be equivalent to the moon’s great- 
est distance from the earth—its apogee ? 
By the same token, must not the sun’s 
perigee equal Venus’ apogee? But the 
lunar apogee and solar perigee were 
perfectly definite numerical quantities, 
for Ptolemy had measured them in terms 
of radii of the earth. Well, then, the 
perigee distance of Mereury and the 
apogee distance of Venus were known, 
too. The riddle of the planetary dis- 
tances was beginning to yield before the 
onslaught of the plenists. 

They now opened the second phase of 
their offensive. If there is indeed no 
empty or unused space in the universe, 
then of course Mereury’s apogee must 
be identical with Venus’ perigee. To 
be sure. But how could one fix the line 
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of demarcation? This difficulty was 
overcome by utilizing the relative dimen- 
sions of the ecireles whose combined 
action, according to the Syntazis, pro- 
duced the orbit of each body. The ratios 
which Ptolemy had computed for these 
circles were an integral part of his 
planetary theory. But that theory had 
itself been modestly designed to repre- 
sent, in the closest possible agreement 
with observational data, the angular 
motion of the planets without regard to 
their actual distances. Thus, the end 
produet of a series of purely geometrical 
calculations was joined with entirely in- 
dependent observational results, under 
the auspices of the principle of plenitude, 
to furnish a supposedly accurate deter 
mination of the maximum and minimum 
distances of Mercury and Venus. 

The unfolding of this procedure can 
be studied in the pages of Proclus, wh 
succeeded to the leadership of the Neo- 
platonic Academy in the fifth century 
A.D. Proclus wrote an elementary intro- 
duction to Ptolemy entitled Hupotyposis, 
or Outline. At the end of this book li 
summarized his results in a series of con- 
clusions, among which we find: 

The seventh concerned the disposition of th 
planets, which has been discussed in an earlier 
section. Now some people, relying on the peri 
gees and conclude that the lunar 
apogee nearly coincides with the perigee of 
Mercury, as does the apogee of Mercury with 
the perigee of Venus, and the apogee of Venus 
with the solar perigee, so that the order of 
these bodies with respect to one another 1s 
revealed by these relationships. 


apogees, 


After citing Ptolemy’s numerical deter- 
minations for the sun and moon, the neo- 
platonie philosopher-mathematician re- 
ports that the same unnamed persons, 
‘‘assuming that there is no empty space 
in the arrangement of the universe .. . 
undertook an examination of the apogees 
and perigees of Mercury and Venus to 
see whether these could fill out the afore- 
said numbers.’’ Through the use of 
Ptolemy’s ratios for the constituent cir- 
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eles in the theory of these planets, the 
line of demarcation between Mercury and 
Venus was established. Proclus closes 
a similar passage in his Commentary on 
Plato’s Timaeus with these words: 


Clearly, the spheres of Mercury and Venus 
must be placed between the moon and the sun, 
For the moon’s greatest distance coincides with 
the least distance of Mercury; Mercury’s great- 
est distance with the least distance of Venus; 
and the greatest distance of the latter with 
the sun’s least distance, almost exactly. For 
there must be no empty space.’’ 


The prestige of the plenists was height- 
ened in the following century by the 
(mistaken) assertion of Simplicius in his 
Commentary on Aristotle’s De Caelo that 
the details had been worked out by 
Ptolemy in the Syntazxis. Thus, aecord- 
ing to the most influential commentator 
on the greatest philosopher, the foremost 
astronomer in his major work had ob- 
tained observational data in agreement 
with deduetions from an a priori prin- 
ciple. What more could anyone ask ? 

Beneath this analysis lies a conception 
of the physical universe which may be 
likened to a succession of grapefruit 
rinds or layers of onion skin. The inner 
surface of the rind represents the peri- 
vee distance of the planet, and the outer 
surface corresponds to the apogee. As 
each planet moves on its majestic course, 
it will always be found somewhere within 
its heavenly rind. The outer surface of 
each rind fits snugly within the inner 
surface of its next larger neighbor, and 
the entire universe consists of a small 
number of such rinds, or spherical shells, 
from the innermost center to the outer- 
most surface, the flaming ramparts of the 
world. 

When intellectual hegemony passed 
from the declining Greco-Roman civiliza- 
tion to Islam, the Muslim scientists in 
the main founded their cosmology on 
Ptolemy’s system. Accepting the prin- 
ciple of plenitude, they extended its ap- 
plication by parity of reasoning from 
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Mercury and Venus to the remaining 
planets and the fixed stars. From their 
labors there emerged a cosmos whose 
dimensions were known throughout. 
This tidy and comforting notion was 
diffused from the Arab centers of learn- 
ing to the West when interest in scien- 
tific questions revived. For centuries 
the principle of plenitude ruied supreme 
without any serious challenge. 


THE long reign of the Ptolemaic cos- 
mology faced its first major upheaval 
when Copernicus subverted the estab- 
lished order of the planets. But his 
transfer of the sun to the central position 
and his identification of the earth as a 
planet wandering in the middle reaches 
of cosmie space entailed a huge outward 
thrust of the uppermost spherical shell, 
the region of the fixed stars. For as the 
earth traverses its annual orbit about 


the sun, it should produce an alteration 
in the apparent position of any fixed 


star. If this is noted of a clear night 
and then again six months later when 
our mobile observatory, the earth, has 
swung round to a diametrically opposite 
point on its yearly cireuit, the star 
should appear to have shifted somewhat 
in the meantime. For, although the star 
itself may have remained constant, the 
line of sight now approaches it from an 
altogether different direction. And yet 
no such annual parallactie shift could be 
observed, for it is too minute to be dis- 
cerned with the unaided eye. To account 
for its absence, Copernicus was con- 
strained to postulate an enormous re- 
moteness for the fixed stars. Between 
them and Saturn, the highest of the 
planets, yawned a vast emptiness. What 
could possibly serve as filling for this 
immense gap? The rumbling produced 
by this insistent question caused the 
principle of plenitude to totter on its 
shaky throne. 

Tycho Brahe, the last great naked-eye 
observer before the invention of the tele- 
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scope, deeply admired the Copernican 
system and recognized the genuine ad- 
vance which it signified for astronomical 
thought. In particular he saw how radi- 
cally planetary theory was simplified by 
having the planets revolve around the 
sun; their stations and retrogressions 
were correctly explained by the novel 
Copernican doctrine, and also the varia- 
tion in their distances from the earth 
and in their apparent magnitude. But 
Brahe balked at accepting a moving 
earth—the very idea was repugnant to 
his metaphysical and religious precon- 
ceptions. And he was so thoroughly 
obsessed by the principle of plenitude 
that he regarded the vast gap between 
Saturn and the stars as a grave defect 
in Copernicus’ world view. Hence, when 
he set about devising his own blueprint 
of the cosmos, he combined a stationary 
earth with heliocentric orbits for the 
planets. 

Following the lead of Copernicus’ first 


disciple, he somehow imagined that his 
own superb collection of observations 
justified the (perfectly sound) conelu- 
sion that Mars at opposition is nearer 
to the earth than is the sun; hence their 


orbits must intersect. And since they 
intersected, the orbits could not be ma- 
terial shells. Thus it was that Tycho 
Brahe, the confirmed plenitudinarian, 
delivered the knockout blow to the 
trembling principle. For, if the spheri- 
eal shells were not real, there could no 
longer be any debate whether they were 
neatly joined or separated by interstices. 
They simply ceased to exist, save in the 
imagination for purposes of instruction. 
Tyvcho’s proclamation of their death sen- 
tence is of such great importance to the 
history of ideas that it deserves quota- 
tion: 

The celestial mechanism is not a hard and 
impenetrable body filled with various real 
spheres, as has been generally believed hereto- 
fore, but it is a highly fluid and utterly simple 
The planets revolve freely without 
any real 


substance. 
being assisted or carried about by 
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spheres. . . . In this arrangement of the heay 
enly bodies no absurdity follows from the fact 
that Mars at opposition comes nearer to tlie 
earth than does the sun. For this view admits 
no actual and incongruous interpenetration of 
the spheres (since they do not in fact exist in 
the heavens, but are set forth merely for the 
purpose of instruction and comprehension of 
the subject). Nor ean the planetary bodies 
ever collide, or in any way disturb the har 
monious motion which each of them pursues, 
however the imaginary spheres of Mercury, 
Venus and Mars may mingle with the sun’s 
and cross through it. 


The nonexistence of material spheres was 
confirmed by his discovery that the fiery 
comets rush freely about in cosmie space, 
beyond the moon amid the planetary 
orbits. 

Tycho took a boundless pride in his 
unsound compromise between the sta- 
tionary earth of Ptolemaic and Biblical 
tradition and the heliocentric planets of 
Copernicus. When Nicholas Reimers, 
surnamed Ursus (the bear), who was 
Imperial Mathematician to Rudolph IT, 
Holy Roman Emperor, claimed priorit) 
in the invention of the Tychonie system, 
Brahe’s wrath hounded the unhappy 
wretch to his grave and beyond. But 
Reimers made no provision for a closer 
approach of Mars to the earth than the 
least distance. The tremendous 
implications of this fact, as first enunci 
ated by Brahe, have already been set 
forth. And yet a reputable historian of 
astronomy declares, after due considera- 
tion, that this difference between the 
eosmologies of Brahe and Reimers is a 
negligible trifle! 

If Copernicus struck the principle of 
plenitude in the solar plexus and Brahe 
delivered the knockout blow, it was Kep- 
ler who counted ten over the prostrate 
form. For when he discovered that the 
paths of the planets are ellipses and not 
circles or combinations of circles, he 
forever dissociated the heavenly bodies 
from unseen carrying spheres or spheri- 
eal shells. The last hopes of the (reas- 
onable) traditionalists perished when 


sun’s 
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the motion of the heavenly bodies was 
shown to be a product of the mutual 
attraction of their material masses and 
not of their ceaseless yearning for an 
unattainable perfection nor of the un- 
perspiring exertions of Intelligences or 
Souls or Angels. 

Yet the doctrine of the full universe, 
driven from the heavens, clung tena- 
ciously to life on the earth. If a column 
of mereury rose in a barometer, nature 
was evidently filling an empty space, 
because it abhorred a vacuum. But 
somehow this distaste relaxed a little just 
before a storm, when the pressure of the 
atmosphere fell, and the same slackening 
occurred on the roofs of tall buildings 
and at the tops of mountains, where the 
air was less dense. 

After the triumphant synthesis of ter- 
restrial and celestial mechanies in New- 
ton, the idea of fullness, divorced from 
the prineiple of continuity or contiguity, 
reappeared in modern astronomy in a 
new dress. The planets were known to 
be strung out at varying intervals in 
space, like beads on a celestial necklace. 
But when they were arranged in the 
order of their distance from the sun, 
was there not perhaps some underlying 


simple numerical relationship which 
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could bind the several discrete bodies 
into a single, harmonious, organic whole? 
The most plausible suggestion of this 
sort—Titius,’ -called at- 
tention to the vast emptiness between 
Mars and Jupiter and led to the belief 
that a missing member of the series was 
still in hiding somewhere. When the 
accidental telescopic discovery of Uranus 
for the first time extended the chain of 
planets beyond those known to the an- 
cients, it seemed to confirm Bode’s law 
and provoked a systematic search to 
close the gap between Mars and Jupiter. 
At the opening of the nineteenth cen- 
tury there was found the first of the 
asteroids—that multitude of tiny bodies 
representing either the fragments of a 
disintegrated planet or the component 
parts of a planet that somehow failed to 
coalesce. Like Mendeleyev’s Periodic 
Table of Chemical Elements, the arith- 
metical relationship pointed the way to 
the discovery of the unknown. In this 
quantified form, then, the principle of 
plenitude is applied to the solar system, 
and from time to time fresh attempts 
are made to remedy its imperfections 
and to learn whether it does indeed an- 
swer to some as yet dimly understood 


or Bode’s, law- 


distribution of cosmie matter 











THE MARIANAS, CAROLINE, AND 
MARSHALL ISLANDS' 


By E. C. WEITZELL? 


BUREAU OF 


Many Americans have wondered what 
Uncle Sam will do with the Mandated 
Islands taken from Japan during World 
War II. What can be done with the 
hundreds of Micronesian islands that are 
now under the military surveillance of 
the United States? The Marianas, Caro- 
line, and Marshall Islands extend over 
3,000 miles of the Pacific, yet the total 
land surface of 846 square miles is less 
than that of the state of Rhode Island. 
The 206 square miles of Guam, a posses- 
sion of the United States since 1898, is in 
addition (see accompanying map). 

The Marshalls are flat, sandy, coral 
islands, while many of the larger Caro- 
line and Marianas islands are a combina- 
tion of voleanic cores and coral reefs. 
The latter are comparatively rough but 
have small plateaus and coastal flats 
which are reasonably free from lava and 
coral obstructions. Most of the Man- 
dates lie between 5° and 15° north lati- 
tude and accordingly have a_ tropical 
climate, with relatively heavy rainfall— 
particularly in the southern portions of 
the Marshalls and Carolines. The Mari- 
anas are characterized by a ‘‘dry season”’ 
from January to April, the severity 
varying considerably from year to year. 

In 1937 the total civilian population 
of the Mandates was 112,267, of which 
61,323 were Japanese colonists, 50,809 
were natives, and 1385 other 

1A fully documented article entitled ‘*Re 
Development in the Pacifie Mandated 
Islands,’’ by the same author, appeared in the 
Journal of Land and Public Utility Economies, 
August 1946. 

2In addition to the 
article is based on observations made by the 
author while on duty as Agricultural Officer, 
Naval Military Government, in the Pacifie Ocean 
The author is solely responsible for all 
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source 
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interpretations and conclusions made. 
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origins. In addition, Guam possessed a 
population of 22,290 (1940), 90.5 percent 
of which were native Chamarros. The 
recent aboriginality of the natives, par- 
ticularly the Carolinians and the Mar- 
shallese, and their crude living habits 
are of interest to most visitors to these 
islands. Many of the natives prefer to 
live from the roots and fruits of the land 
rather than exert sufficient effort to pro- 
duce domestic foods. The culture of the 
Chamarros in the Marianas has been ad- 
vanced considerably as a result of Cath- 
olie missionary influences introduced 
early in the seventeenth century by the 
Spanish. The resulting ideals and cus- 
toms orient these people toward the West 
rather than the East. 

The history of these islands has been 
varied and fascinating. The Spanish 
discovered the Marianas in the sixteenth 
century and by early in the seventeenth 
had established a limited administrative 
hold on all three groups. Until 1898 
Spanish rule of the Marianas and the 
Carolines had been undisturbed. Guam 
was ceded to the United States during 
the course of the Spanish-American War 
(1898), and in the following year the 
remaining islands of the two groups were 
sold to Germany. Germany had exer 
cised a protectorate over the Marshalls 


few years previously, and her 


for a 
claims were uncontested until 1914, when 
the Japanese began unofficially to organ- 
ize the South Seas Government and to 
colonize the sparsely populated islands. 
In 1922 their claim was supported by the 
League of Nations mandate which pro- 
vided authority over all three groups, 
with the exception of Guam in the 
Marianas. 

There is a question now as to what the 
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future holds for these distant microislets. 
Social scientists are proclaiming the need 
for reformation, the development of econ- 
omies, the advancement of civilization. 
Our discussion poses some of the ques- 
tions and problems which will be involved 
in any attempts to develop the resources 
of the Mandates. In the light of past 
development and the natural resources 
available, it should be possible to visual- 
ize some elements of the economic future 
for these native peoples, under the gen- 
eral assumption that the United States 
will continue to control the Mandates. 
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However, questions of political policy 
will be avoided; likewise, the method of 
government and the bureaucratic prob- 
lems involved are not a part of this dis- 
cussion. 
NATURAL RESOURCES 

The distant and scattered location of 
the Mandated Islands imposes a negative 
influence on the possibility for develop- 
ing the relatively meager natural re- 
sources. The small, flat, coral islands of 
the Marshall group are relatively infer- 
tile, and the range of possible commercial 
productivity is very narrow. The coas- 
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tal flats and plateaus of the larger vol- 
eanic islands in the Carolines and Mari- 
anas offer some greater possibilities. 
The soils, consisting mainly of voleanic 
mud, coral residue, and varied organic 
content, are more fertile. In the best 
locations they are quite readily worked 
and provide a fair medium for vegeta- 
ble and sugar-cane production. Plant 
growth is usually rapid, and some crops 
may be grown the year around, depend- 
ing mainly on rainfall, insects, and 
disease. 

The Spanish made little effort to de- 
velop the available land and marine re- 
sources. Shells and small amounts of 
copra were bartered from the natives. 
A naval base was established on Guam. 
Otherwise, the Spanish Pacific posses- 
sions were merely missionary outposts. 

The Germans were more aggressive in 
some respects. They exerted consider- 
able effort to develop both copra and the 
phosphate deposits. The United States 
made no attempt to develop or to secure 
trade with any of these islands, even 
though its Guamanian possession might 
have been a key trading post for the 
entire area. However, the Japanese 
were operating plantations and trading 
in copra in both United States and Ger- 
man territory prior to their first coloni- 
zation in 1914. In that year they seized 
the German-developed phosphate mine 
on Angaur, West Carolines, and the rail- 
roads and other facilities in the Mari- 
anas. By 1922, when the mandate was 
effective, the South Seas Government was 
well under way toward developing the 
most favorable resources throughout the 
entire area. 

The Japanese recognized that the is- 
lands were lacking in knowledge, essen- 
tial skills, and cheap labor. Accordingly, 
they transferred these factors of produc- 
tion from Japan, Okinawa, and Korea by 
colonization. Moreover, the South Seas 
Government provided substantial sub- 
sidies to commercial enterprises in behalf 
of preferred types of production. Sev- 
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eral agricultural experiment stations 
were established primarily for improy- 
ing and developing sugar cane and cot- 
ton. Numerous fruits, vegetables, and 
shrubs were being acclimated and tested, 

Land Utilization. The Japanese re- 
ported approximately 135,000 acres of 
cropland in the Mandates for 1937, 
Three qualifications are necessary, how- 
ever. First, almost half of this acreage 
consisted of coconut and_ breadfruit 
lands, most of which is more or less un- 
attended natural flora. Second, at least 
60 percent of the sugar-cane lands in the 
Marianas is too steep to be tilled by 
means other than bulls and hand labor. 
These the Japanese used almost exclu- 
sively. Third, these estimates by the 
South Seas Government represent condi- 
tions existing before the war. Military 
installations since have been made on a 
substantial proportion of the land that 
was formerly the most suitable for agri- 
cultural uses. Derangement by grad- 


ing, coral overlays, and other factors 
have greatly impaired these locations in- 
sofar as farming is concerned, even if all 


military uses were discontinued. With 
these qualifications in mind, the char- 
acter of land use under the Japanese and 
the potential utilization pattern may be 
more clearly visualized. 

Saipan, Tinian, and Rota Islands in 
the Marianas possess almost 82 percent 
of the 45,200 acres of cultivated cropland 
in the Mandates (excluding Guam), as 
reported for 1937. Sugar cane ac- 
counted for 76 percent of all cultivated 
land in the Marianas, and 62 percent of 
that for the entire Mandates. Fruits, 
vegetables, and minor fiber crops consti- 
tuted the remainder. In addition, it 
was estimated that there existed 53,500 
acres of undeveloped arable land, 85 per- 
cent of which is supposed to be in the 
Marianas. It is certain, however, that 
most of this acreage must be quite rough 
and usable only by hand _ processes. 
Lands which have not been developed 
consist of steep, rough, infertile ridge 














tops that are subject to severe drought 
during eight months of the year. 

In the light of these circumstances and 
after appropriate deductions for lands 
totally or partially destroyed by military 
activities, it is probable that not more 
than 10 percent of the lands farmed by 
the Japanese could be so used by methods 
similar to the commercial practices em- 
ployed in the United States. Most of 
this acreage is in the Marianas. 

In order to complete the picture for 
the three groups of islands, it may be 
worth while to note that the Guam Agri- 
cultural Experiment Station reported a 
total of 17,000 acres under ‘‘cultivation’’ 
in 1939. Actually, only 4,000 could be 
correctly described as cultivated, this 
acreage being devoted to corn, rice, sweet 
potatoes, tapioca, taro, and other fruits 
and vegetables. The remainder is coco- 
nut plantations. Breadfruit and coco- 
nut lands are often suitable for other 
uses if cleared. But the natives are 
strongly opposed to destroying any nat- 
ural sources of food. They apparently 
never will forgive the Japanese for re- 
placing the coconut with sugar cane. 

The native Chamarros, Marshallese, 
and Kanakas, or Carolinians, do very 
little land cultivation if left to their own 
way of life. They prefer to depend 
heavily on the spontaneous native prod- 
ucts which require a minimum of care 
and attention. Bananas, breadfruit, 
coconut, taro, sweet potatoes, yams, and 
other foods of perennial growing habits 
are a major source of their diet. Small 
patches of corn, squash, eggplant, and 
beans may sometimes be planted, but 
after planting they are often neglected. 
Even on Guam, where considerable effort 
has been exerted since 1909 in improving 
Chamarro farming, most of the native 
farms can seareely be distinguished from 
the bush. However, the U. S. Military 
Government farm program on Saipan 
was reasonably effective under an asso- 
ciation type of organization. Small 
2-acre units were constantly supervised 
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by native leaders, and various types of 
encouragement were provided. 

Minerals. Japan valued the phos- 
phate deposits of the Mandates very 
highly. Supplies of this fertilizer are 
needed in large quantities for home-is- 
land agriculture. Both rock and guano 
phosphates were mined in several loca- 
tions, the principal developments being 
on Anguar, Fais, and Peleliu islands in 
the West Carolines, and on Rota and 
Saipan in the Marianas. More than 
300,000 tons were taken from these loca- 
tions in 1939. 

The remaining deposits are estimated 
to be three to four million tons of high- 
grade rock and probably twice this 
amount of low-grade rock. The best 
rock is reported to vary from three to 
six feet in thickness. 

In addition to phosphate, small de- 
posits of aluminum, manganese, coal, 
lignite, and others are reported for vari- 
ous locations. Some have been worked 
on an exploratory basis; but it is unlikely 
that they have commercial development 
possibilities, except under special cir- 
cumstances such as characterized the 
Japanese war efforts. 

Fisheries. The entire Mandated area 
is well supplied with numerous types of 
fish. Japanese fishery operations in this 
area were centered in Palau, Truk, and 
Ponape in the Carolines, and at Saipan. 
Although the total catch obtained from 
these locations represented less than 1.5 
percent of the Japanese Empire catch 
prior to the war, there is reason to be- 
lieve that fishing may be an important 
aspect of the future economic develop- 
ment of the area. 

In addition to commercial fishing, the 
natives normally depend on lagoon and 
reef fishing for numerous types of sea 
food. Fish are an important item of 
native diet since livestock are not pro- 
duced in sufficient amounts for provid- 
ing adequate meat supplies. 

Shells, shark fins, sponges, and pearls 
form the basis for an important part of 
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the island handicraft production, and 
expansion of this industry may be feasi- 
ble. The Japanese sponsored pearl and 
shell enterprises, especially in the Caro- 
lines, where these resources are most 
plentiful. 

Sea-food processing consisted of dry- 
ing, principally; two small canneries 
were operated in the southern portion of 
the area. All these facilities, including 
fishing boats, were destroyed during the 
war. Military Government units re- 
habilitated and added certain facilities 
in behalf of local food supplies for in- 
terned civilian populations. 

Livestock. Japanese and native live- 
stock production was limited to work 
stock and subsistence swine, poultry, cat- 
tle, and goats, with the exception of a 
few dairy cattle. Two small dairies on 
Saipan are known to have produced milk 
for sale in the towns of Garapan and 
Chalan Kanoa. But, according to Japa- 
nese records, less than 20,000 gallons of 


milk were produced annually in all 


three island groups. Most cattle were 
kept for draft and occasional slaughter- 
ing. Usually the consumption of beef 
and pork was limited to festive occa- 
sions, which are the very spice of native 
life. 

Shortly before the war the Japanese 
initiated some hog projects in the north- 
ern Marianas. The aim was to provision 
troops stationed in the central Pacific. 
The hogs were fed from the native sup- 
ply of copra available in these undevel- 
oped small islands. 

During the course of hostilities on 
the larger islands all livestock were re- 
leased to roam at will. Military Gov- 
ernment units have corralled sufficient 
numbers of cattle, poultry, and hogs to 
provide a source of breeding stock for 
the natives. 

Industry. Sugar mills were the prin- 
cipal industries established by the South 
Seas Government interests. Three mills 
on Saipan and Tinian were capable of 
processing 34,000 tons of cane daily. 
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Other mills were located on Rota; all 
were in the Marianas. Sugar, molasses, 
aleohol, and alcoholic beverages were 
processed in one or more locations. 

Sustaining and subsistence industries 
were operated in several locations. For 
example, narrow-gauge railways, small 
cement plants, salt evaporators, charcoal 
ovens, handicraft shops, copra mills, and 
limited food-processing plants were oper- 
ated at several points. Some exports 
from them were possible, but their pri- 
mary function was to supply local needs. 

Insofar as food production was con- 
cerned, copra and tapioca (cassava) 
starch took important positions, subordi- 
nate to sugar and fish only. The Mar- 
shalls and Carolines are reported to have 
processed more than 17,000 tons of copra 
for export in 1937. It is likely that this 
amount could be increased substantially 
by providing essential labor in the proper 
locations. Saipan, Palau, and Ponape 
produced an estimated total of 5,500 tons 
of tapioca starch in the same year. The 
cassava plant is a prolific producer of 
the starch-bearing tubers and may be 
grown on the rough coral lands that are 
not suited for certain other uses. More- 
over, the production period is compara- 
tively short. In terms of food supplies 
this crop may offer real possibilities 
where labor and processing facilities can 
be made available. 

Small industries of this kind were, and 
probably will continue to be, important 
to the Japanese. Numerous subsidies 
were granted in behalf of every possible 
addition to food and raw material sup- 
ples. The natives have played little 
part in the enterprises of the South Seas 
Government, except as lands were leased 
from them. The more ambitious and 
talented were employed in various ¢a- 
pacities. 

POTENTIAL DEVELOPMENT 

War left the Japanese Mandated 
Islands in a state of destruction. Towns, 
mills, processing plants, and all other 
facilities were reduced to ruin. Sugar 
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eane, pineapples, bananas, papaya, coco- 
nut, and numerous other native food 
sources may readily be rejuvenated and 
expanded. Sufficient hogs, cattle, goats, 
and poultry have been corralled by Mili- 
tary Government units to form the basis 
for improved subsistence meat supplies. 

In several locations Military Govern- 
ment agricultural programs have pro- 
vided substantial facilities for rehabili- 
tating subsistence agriculture. The 
United States Commercial Company has 
installed extensive facilities in several 
locations; in addition to the dairy and 
swine farms established on Guam, the 
U. S. Commercial Company has pro- 
vided sizable vegetable and fruit produc- 
tion projects on Saipan, Tinian, Guam, 
Truk, and Peleliu. As the Japanese and 
Koreans were repatriated to their native 
lands, the U.S.C.C. also took over certain 
portions of Military Government farm 
projects in behalf of the subsistence of 


remaining natives. Some fishing and 


the handicraft industry projects pre- 
viously established probably will con- 
tinue to be basic functions of the meager 
native ‘‘economies.’’ 

In terms of commercial development 
of any type, however, the repatriation 
of the Japanese colonists removed essen- 


tial labor supphes. Native labor almost 
certainly will remain more or less fully 
employed by the island military estab- 
lishments and for island maintenance 
and service needs in most locations. This 
means that additional labor must be ob- 
tained from somewhere for any substan- 
tial resource development work. 

United States Interests. It is not read- 
ily conceivable that the United States 
will have any strong interest in the lim- 
ited resources of the Marshall, Caroline, 
and Marianas islands. Long distances, 
relatively high cost of production, and 
the interests of established producing 
areas are only three of the factors which 
are likely to limit United States interest 
in these islands to the military sphere. 
The administration of Guam as a naval 
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base since 1898, with little attention to 
resource development, is sufficient prece- 
dent. 

Of course there is a substantial respon- 
sibility for native welfare, which United 
States Military Government has made 
great efforts to improve. Hospitals, 
health services, employment at relatively 
high wages, expanded supplies of con- 
sumer goods, and numerous service func- 
tions have been provided. Schools, 
churches, and housing projects have 
already raised the native levels of living 
far above their means to maintain, unless 
continuous subsidies are provided. 

The Agricultural Experiment Station 
which was maintained on Guam for 23 
years was discontinued in 1932 because 
of lack of appropriations. Although 
considerable knowledge on island agri- 
culture had been accumulated, this 
action was indicative of a lack of interest 
in natural resource development. The 
most important accomplishment, per- 
haps, with respect to creating trade 
with the Island of Guam, was the im- 
provement in the quality of copra offered 
to the export market. However, island 
vovernment, rather than agricultural in- 
terests per se apparently were respon- 
sible for this. 

Copra probably is the only resource of 
these islands which United States trade 
interests may consider seriously. Since 
coconut production requires little atten- 
tion (where the scale insect is not preva- 
lent), copra may be produced with a 
small investment. Labor and drying 
facilities are all that are required. And 
it is possible that sufficient native labor 
could be made available for operating a 
worth-while copra trade, in a few loca- 
tions at least. 

Saipan, Tinian, and Rota, however, 
are practically void of coconut, and these 
three islands comprise the only substan- 
tial farm land acreages available for 
development. Hence, for the immediate 
future copra offers no opportunities in 


these locations. The chances are that the 
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natives may exert considerable pressure 
to have suitable farm lands assigned, at 
least to former landholders under the 
Japanese, for subsistence production. 
This may involve a redistribution of 
Saipan’s present population of 4,200 
Chamarros to Tinian and Rota. The 
latter islands were almost completely 
populated by Japanese colonists who 
have been repatriated to their native 
lands. 

If United States trade in copra should 
be developed, there is reason to believe 
that small amounts of handicraft may 
become a supplementary item of trade. 
Limited quantities of raw materials and 
comparatively low quality workmanship, 
however, may limit handicraft to local 
trade with tourists and military person- 
nel. 

There is a strong possibility that com- 
mercial companies may be interested in 
developing the phosphate resources for 
supplying demands in the Philippines, 
Japan, or in China. The distances to 
the States put domestic markets out of 
range. But acute demands nearer by 
would undoubtedly take all that could 
be produced. Other minerals probably 
are not of sufficient importance to at- 
tract development by domestic interests. 

So far, no provisions have been made 
for permitting access to resources of the 
islands for private development. Pre- 
sumably, this would be possible after the 
final peace treaty has been consummated 
and within the bounds of military secur- 
ity. Operations of the United States 
Commercial Company gained access to 
land resources to aid the military efforts. 
Now that this program is in the process 
of liquidation, there will be no organ- 
ized development of resources in the 
Japanese Mandates unless some new 
commercial or public effort is advanced. 

There seems to be no good reason why 
the United States should subsidize any 
aspect of development other than that 
essential to security and reasonable levels 
of native welfare. Local employment of 
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natives for military, island government, 
and service trade work, as already 
pointed out, is likely to absorb all native 
employables for some time to come. Pri. 
vate handicraft, farming, and _ other 
small native enterprises will undoubtedly 
give employment to some of those who 
prefer such work and to some who may 
not be able to adapt themselves other- 
wise. If copra and other supplementary 
trade is developed by private interests 
there is little doubt about the full em- 
ployment of all natives. The develop- 
ment of a socioeconomic situation based 
on local trade and employment is more 
likely to insure a higher and more stable 
level of welfare than would be obtained 
by artificial economic relationships based 
on government subsidies, which are 
almost certain to be temporary. 

Other Interests. It is impossible to 
appraise the possibility that various for- 
eign interests may develop the limited 
resources of the Japanese Mandates be- 
cause of the many unknown factors and 
relationships that may be involved. The 
extent that military security will allow 
resource development and the provisions 
by which resources might be made avail- 
able are only two of the factors involved. 
These are outside the limits of this dis- 
cussion. 

However, the demands of nearby starv- 
ing Asia for the smallest addition to food 
and raw materials supplies give impetus 
to the question of making available un- 
used resources accessible for utilization. 
It is impossible to ignore the existence 
of Pacific island resources when the 
world is being searched for resources 
which will add to food supplies for needy 
areas. This applies not only to land, 
but to phosphate fertilizer, which is so 
generally needed by the areas which the 
United Nations are attempting to re- 
habilitate. 


PROBLEMS OF DEVELOPMENT 


The development of resources in the 
Marshalls, Carolines, and the Marianas 
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will involve numerous problems, irre- 
spective of the character of the develop- 
ing interest. The most apparent diffi- 
culty is the general lack of labor, unless 
unforeseen supplies come into the pic- 
ture. The Chamarro population of less 
than 4,500 remaining on Saipan, Tinian, 
and Rota represents a very small labor 
force compared to the 39,000 Japanese 
civilians formerly on the three islands. 
Moreover, these islands represent the 
bulk of the available farm land. 

Labor for phosphate development, fish- 
ing, and other enterprises is simply not 
available. More important, perhaps, is 
the lack of technical skill and knowledge. 
(Of course, the relatively few people re- 
quired in this capacity could rcadily be 
imported. ) 

Insofar as agriculture is coneerned, 
the problem of cultural practices is sec- 
ond only to that of labor supply. In the 
first place, laborsaving machinery cannot 
be used extensively. The rough and 
varied character of the land, the fre- 
quency of rainfall, and the rapid growth 
of weeds make large amounts of hand 
labor indispensable. Srosion is ex- 
tremely rapid where land having the 
slightest slope is cultivated in ‘‘large’’ 
The clean cultivation of papaya 
orchards on Saipan and Guam during 
the past few years gave emphasis to this 
fact. The native and Japanese methods 
of culture are not so conducive to ero- 
sion; they eultivate in small plots, with 
plot divisions planted to 
bananas, Napier grass, and other erosion- 
resisting plantings. 

Although adequate saline-free water 
supplies have been developed by the 
armed services for occupational uses, 
supplies are not available for irrigation 
during the dry season. This limits the 
intensity of production. Some of the 
smaller islands, particularly those of 
coral origin, have no fresh water avail- 
able to them. 

In spite of DDT spraying, insects are 
Severe handicaps to production. Among 


areas. 


successive 
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the more important insect pests are the 
Kuropean corn corn earworm, 
aphids, leaf hoppers, and the coconut 
scale. The lack of seasonal climatic 
changes and the frequency of rainfall 
make control measures difficult. Almost 
necessary for 


borer, 


continuous spraying is 
combating both sucking and chewing in- 
sects. 

Plant diseases are no less troublesome, 
especially bacterial and fusarium wilts 
of tomatoes and downy mildew on beans 
and eucurbits. Resistant and acclimated 
varieties are needed. For example, the 
only varieties of cantaloupe available for 
subsistence gardens thin-skinned 
and quickly susceptible to bacterial rot. 
Consequently, cantaloupe could not be 
allowed to ripen. Thick-skinned varie- 
ties would help to overcome this trouble. 

Animal and diseases are 
prevalent everywhere. Intestinal and 
stomach worms, pneumonia, liver and 
lung flukes, are serious menaces to poul- 
try, hogs, and cattle. Goats seem to be 
comparatively free from 
The natives are nonetheless free 
hookworm and other intestinal worms. 

Another production 


were 


parasites 


these pests. 


from 


acute livestock 


problem is the general lack of suitable 
Native cattle are constantly 
vulnerable to fluke infestations by reason 
of their dependence on swampy lowlands, 


The 


pasture. 


especially during the dry seasons. 
Japanese made no attempts to establish 
suitable pastures, depending mainly on 
vegetation and plant 
With the establishment of a 75- 
Commer- 


wild refuse for 
feed. 
cow dairy on Guam, the U. S. 
cial Company ran into this problem. It 
later attempted to provide some grazing 
by planting certain large stem grasses, 
the success of which has not 
ported. It will be difficult to maintain 
upland pastures during the dry seasons, 
and lowland pastures are constantly sub- 
ject to fluke infestation. 

Most crops need moderate applications 


been re- 


The soils of the voleanie 
weathered and 


of fertilizer. 


islands, if thoroughly 
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with a substantial organie content, will 
produce certain crops without fertilizer ; 
but satisfactory yields of suitable quality 
require medium amounts of a complete 
fertilizer. Fertilizers used for vegetable 
production should be relatively low in 
nitrogen and high in potash and phos- 
phorus. High nitrogen applications 
combined with the very rapid normal 
growth tend to produce excessive vines 
and foliage rather than fruit and roots. 

A thorough understanding of, and an 
appreciation for, local conditions and re- 
quirements are essential to successful 
farming in these islands. Fortunately, 
the Guam Agricultural Experiment Sta- 
tion has placed on record, as annual re- 
ports from 1909 to 1932, a considerable 
amount of experimental knowledge that 
should be helpful in future farming en- 
deavors. If this store of knowledge had 


been used as a guide to the food pro- 
duction programs during the past two 
years, much greater success might have 


been experienced. Certainly, the insis- 
tence on using highly bred varieties of 
seed corn from the United States, rather 
than a tried and proven ‘‘Guam <Aceli- 
mated’’ variety would have been much 
more productive. The wasteful prac- 
tice of applying 1,000 pounds of high- 
analysis (12-18-12) fertilizer per acre 
of corn and the importation of large 
quantities of useless heavy farm machin- 
ery might have been avoided. The pro- 
vision of more than 60 farm tractors, 
during the war, to farm four or five 
hundred acres of land on Guam is an 
example. Such citations could be dupli- 
cated severalfold. 

In eonclusion, certain opportunities 
for resource development in the Mar- 
shalls, Carolines, and the Marianas ap- 
pear more or less feasible. Copra and 
phosphate probably offer the most im- 
mediate possibilities. Even they may 
depend on the importation of labor, sup- 
plies, and satisfactory knowledge. The 
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abandoned sugar cane, the major Japa- 
nese interest, is of little potential value, 
except that small portions may be re. 
habilitated to supply the natives with 
molasses and sugar. It is doubtful that 
the Japanese or Chinese will ever be 
given access to redevelop this source of 
sugar supply. Fishing in the surround- 
ing waters certainly should be possible, 
if this area offers advantages, thus en- 
hancing food supplies in this sector of 
the world. 

There seems to be no reason why the 
United States should subsidize resource 
development beyond that necessary to 
fulfill our obligations to the natives. 
Even the feasibility of subsisting our 
military forces from the islands would 
be questionable. Continental interests, 
the demand for food of high quality, 
and the increasing adequacy of sea- 
going refrigeration make iocal dairy- 
ing, hog farming, and vegetable produc- 
tion questionable ventures. The fact 
that nearly all necessary supplies can 
be imported at no greater expense than 
the cost of production on the islands is 
a good reason why local investments are 
likely to be comparative failures. Ob- 
viously, this is not to say that highly 
perishable fruits and vegetables should 
not be produced in family gardens. Nor 
is there any reason why native farmers 
should not be encouraged to produce 
fresh corn, native fruits, and vegetables 
of a quality suitable for supplementing 
imported food supplies. 
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Ir cANNoT well be denied that the 
prose works of Edgar Allan Poe im- 
press the average reader as possessing 
a decidedly mathematical quality. In 
the first place, the remarkable precision 
of expression which was Poe’s habitual 
style and in which, in fact, he took a 
conscious pride, suggests strongly, 
though quite irrelevantly, the austere 
and rigorous formulation of a mathe- 
matical argument. Second, the stories 
for which Poe is most widely known, 
The Gold Bug, The Murders in the Rue 
Morgue, The Purloined Letter, and The 
Mystery of Marie Roget, involve in an 
essential way, reasoning of a ‘‘Since 

, therefore . . .’’ character strik- 


ingly reminiscent of the logical struc- 


ture of the demonstrations of Euclid. 
Finally, to a degree far surpassing that 
of any other literary figure of compa- 
rable stature, Poe sprinkled his stories 
and his essays with specific references 
to mathematies and to mathematicians. 
It is easy to understand why this com- 
bination of style, structure, and allusion 
should make Poe’s writings seem to pos- 
a mathematical flavor. Whether 
these features justify the inference often 
drawn and summed up in the words of 
Sir Arthur Eddington in a solicited let- 
ter to Arthur Hobson Quinn, quoted in 
the latter’s book Edgar Allan Poe— 
‘‘Poe, besides being fairly well informed 
in science and mathematics, seems to 
have had the mind of a mathematician 
..’’—is another matter, however. 
Many writers who by no stretch of the 
imagination could be termed mathemati- 
eally inclined have written with great 
lueidity and precision. Likewise many 
a well-constructed detective story has 


Sess 


been spun by authors to whom mathe- 
matics was nothing more than a vague 
recollection of dreary formulas and 
headaches. It thus seems clear that the 
real evidence bearing on Poe’s familiar- 
ity with, and appreciation of, mathemati- 
eal thought is to be found in his refer- 
ences, both direct and implicit, to mathe- 
matical topies; and this is the point of 
view we shall adopt here. 

We shall not attempt to be exhaustive 
in our review of the mathematical allu- 
sions in Poe, for it is not our intention 
to compile a concordance of the technical 
terms to be found in his work. Our pur- 
pose is rather to discover the general 
nature of the mathematical references a 
great writer saw fit to employ, to observe 
their aptness as illustrations and their 
usefulness to him in creating effects, and 
to examine their significance as indica- 
tions of his grasp of mathematical ideas. 
If some of our conclusions on the last 
point seem a bit severe we can console 
ourselves with the reflection that should 
our criticisms demonstrate that there is 
no reasonable basis for attributing any 
real mathematical insight to Poe, then 
his lapses from mathematical rectitude 
eannot properly be held against him. 
And in thus making conviction tanta- 
mount to aequittal, surely we do him no 
clisservice. 

Let us begin with some of the casual 
and more ornamental of the allusions, 
keeping in mind that as evidence bearing 
on our central question they are in gen- 
eral equivocal and of significance only if 
they are faulty, since almost all of them 
relate to quite elementary matters fa- 
miliar, at least as names, to anyone who, 


in Poe’s own words, 
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. . . possessed at one time ... the average 
quantum of American collegiate lore—‘‘a little 
Latin and less Greek,’’ a smattering of phys- 
ical and metaphysical science, and ... a very 
little of the mathematics (Nathaniel Parker 
Willis in The Literati of New York). 

Sometimes Poe refers to mathematical 
topics to epitomize complexity and ob- 
security. For instance, in William Wil- 
son in the description of the old house 
he writes that 

. . . the lateral branches were innumerable— 
inconceivable—and so returning in upon them- 
selves that our most exact ideas in regard to the 


whole mansion were not very far different from 
those with which we pondered upon infinity. 


And in a note in Marginalia he says: 


Here is a plot which with all its complexity 
has no adaptation, no dependency:—it is in- 
volute and nothing more—having all the air of 
: the cycles and epicycles in Ptolemy’s 
‘“Almagest.’’ 


And in The American Drama in discuss- 
ing the typical critie, 

He delights in mystery—revels in mystifica- 
tion... and talks about ‘‘stage business’’ and 
‘*stage effects’’ as if he were discussing the dif- 
ferential calculus. 

That these quotations do not represent 
Poe’s settled convictions is evident when 
they are contrasted with others of con- 
tradictory foree. For example, 

It is merely because a stepping stone here 
and there is needlessly left unsupplied in our 
road to differential calculus that this latter is 
not altogether as simple a thing as a sonnet 
by Mr. Solomon Seesaw (Eureka). 


And in The Rationale of Verse we are 
told that 

. . the subject [versification] is exceedingly 
simple; one-tenth of it, possibly, may be called 
ethical; nine-tenths however appertains to 
mathematies, and the whole is ineluded within 
the limits of the commonest common sense. 

In extension of this idea Poe asserts in 
another place: 

The highest order of the imaginative intellect 
is always preeminently mathematical, and the 
converse (The Poets and Poetry of America). 

Frequently Poe’s references are of a 
studied pseudoseriousness that is quite 
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humorous. For instance, in describing 
the reaction of the citizens of Alexander- 
the-Great-onopolis to a newspaper article 
in which every o was replaced by an z 
because a rival printer had made off with 
all the o’s in the editor’s font, Poe 
writes : 

The more common conclusion, however, was 
that the affair was simply X-traordinary and 
in-X-plicable. Even the town mathematician 
confessed that he could make nothing of sv 
dark a problem. X, everybody knew was an 
unknown quantity, but in this case (as he 
properly observed) there was an unknown quan- 
tity of X (X-ing a Paragrab). 


Another in the same spirit oeeurs in Thi 
Devil in the Belfry: 

Of the date of this origin [of the town of 
Vondervatteimittis] I grieve that I can only 
speak with that species of indefinite definiteness 
which mathematicians are at times forced to 
put up with im certain algebraic formulas. The 
date, I may thus say, in regard to the remote- 
ness of its antiquity, cannot be less than any 
assignable quantity whatsoever. 


And again in Some Secrets of the Maga- 
zine Printing House: 


These publishers pay something—other pub- 
lishers nothing at all. Here certainly is a dif- 
ference—although to a mathematician it might 
be infinitesimally small. 


A more factual example of this type ap- 
pears in another note in Marginalia: 


On the back of the book is a monogram. . 
solution is a fertile source of trouble 
with all readers. This monogram is a tri- 
angular pyramid; and as in geometry the 
solidity of every polyhedral body may be com- 
puted by dividing the body into pyramids, the 
pyramid is thus considered as the base or es- 
sence of every polyhedron. The author, then 

. may mean to imply that his book is the 
basis of all solidity or wisdom—or perhaps 
since the polyhedron is not only a solid but a 
solid terminated by plane faces, that the ‘‘ Doc- 
tor’’ is the very essence of all that spurious 
wisdom which will terminate in just nothing 
at all. 


whose 


As a final example of this sort here is a 
quip that I confess I find quite amusing: 

To speak algebraically: Mr, M. [Cornelius 
Mathews] is execrable but Mr. C. [William 
Ellery Channing] is (x +1)-ecrable (James Rus- 
sell Lowell), 














On oceasion the allusions are quite apt 
figures of speech; ‘‘The mere succession 
of incidents, even the most spirited, will 
no more constitute a plot than a multi- 
plication of zeros, even the most infinite, 
will result in the production of a unit’’ 
(The American Drama). However, it is 
likely that a person with any real feeling 
for mathematics would have substituted 
‘‘addition’’ for ‘‘multiplieation,’’ since 
it should be clear that the multiplication 
of zeros involves no tendency toward 
unity, whereas the unlimited addition 
of zeros might well suggest to a naive 
mind an equally fallacious approach to 
magnitude. The latter rather than the 
former is thus the metaphorical equiva- 
lent of Mr. Willis’ theory of plot con- 
struction. 

In his essay Cryptography Poe dis- 
cusses the ancient eryptographiec dévice 
of the seytale, in which the message is 
written in the axial direction on a strip 
of parehment wound spirally on a cylin- 
der, an exact duplicate of which is in 
the hands of the recipient of the mes- 
sage, and bases his scheme for finding 
the diameter of the cylinder and thus 
‘‘breaking’’ the code upon the use of a 
cone around which at various stations 
the strip bearing the communication may 
tentatively be coiled. For in his words, 
‘‘As in passing up the cone to its apex 
all possible diameters are passed over, 
there is no chance of failure.’’ This 
shows some insight, perhaps, into the 
nature of continuity, but lest we here at- 
tribute too much eredit to Poe, let us 
observe that the average teacher of ad- 
vaneed ealeulus usually has less difficulty 
making his students understand the 
proof of the theorem that ‘‘a function 
continuous over an interval takes on at 
least once within the interval every value 
between those which it assumes at the 
end points’? than he does in convincing 
them that so obvious a result needs 
proof at all. Moreover, this property 
was known for a long time before Poe’s 
day. In fact, he gives it all away him- 
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self in another of the fragments in 
Marginalia: 


This reasoning is about as convincing as 

would be that of a traveller who, going from 
Maryland to New York without entering Penn- 
sylvania, should advance this feat as an argu- 
ment against Leibnitz’ Law of Continuity ae 
cording to which nothing passes from one state 
to another without passing through all the in- 
termediate states. 
One cannot say with certainty whether 
this isolated note was intended as a 
serious comment on some argument Poe 
thought faulty, or whether it was jot- 
ted down as a pun on the word ‘‘state,’ 
though the latter is perhaps nearer the 
truth. In any event it reveals the 
probable souree of Poe’s knowledge of 
the theorem in question. 

Of all his literary applications of 
mathematics, the one that seems to me 
most complimentary to Poe oceurs in 
Hans Pfaall and again almost word for 
word in The Balloon Hoax: 


What mainly astonished me in the appear- 
ance of things below was the seeming concavity 
of the surface of the globe. I had thought- 
lessly enough expected to see its real convexity 
become evident as I ascended; but a very little 
reflection sufficed to explain the discrepancy. 
A line dropped from my position perpendicu- 
larly to the earth would have formed the per- 
pendicular of a right angled triangle of which 
the base would have extended from the right 
angle to the horizon, and the hypotenuse from 
the horizon to my position. But my height was 
little or nothing in comparison with my pros- 
pect. In other words the base and hypotenuse 
of the supposed triangle would have been so 
long when compared to the perpendicular that 
the two former might have been regarded as 
nearly parallel. In this manner the horizon of 
the aeronaut appears always to be upon a level 
with the car. But as the point immediately be- 
neath him seems and is at a great distance 
below him, it seems also at a great distance 
below the horizon. Hence the impression of 
concavity; and this impression must remain 
until the elevation shall bear so great a pro- 
portion to the prospect that the apparent paral- 
lelism of the base and hypotenuse disappears. 


This is well done and quite effective in 
maintaining the desired air of scientific 
accuracy in the development of the nar- 
rative. If it was original with Poe it 
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demonstrates that his limited training 
in geometry was surely not all lost. 

Not all his references, however, can 
even with charity be appraised as favor- 
ably as the last pair. Further on in 
Hans Pfaall we find, for instance, 

The balloon had now... reached a height 
of not less certainly than 7254 miles above the 
surface of the sea 
edly beheld the whole of the earth’s major di- 
ameter; the entire northern hemisphere lay be- 
neath me like a chart orthographically pro- 
jected, and the great circle of the equator itself 
formed the boundary line of my horizon. 

This of course is false since from no 
finite distance can as much as half the 
surface of a sphere be surveyed. Later 
in the same story appears the assertion, 

The form of the moon’s orbit being an el- 

lipse of eccentricity amounting to no less than 
0.05484 of the major semi axis of the ellipse 
itself, and the earth’s center being situated in 
its focus.... 
In this, although the decimal itself is 
correct, there is a fundamental miscon- 
ception that cannot be argued away as 
mere hyperbole, the way any author 
but one hampered by a desire to pose 
as a mathematician might explain the 
previous quotation, for the eccentricity 
of an ellipse is not expressed as a frac- 
tion of the major axis of the figure at 
all. In facet, it is not a length of any 
description but a dimensionless com- 
bination of both the semimajor and 
semiminor axes, @ and b, respectively, 
defined by the expression 


— /qa? — b2 
eccentricity Bcc. 


a 

And in The Purloined Letter, at the 
end of a long passage on the limitations 
of mathematical thought to which we 
shall return in our discussion of Poe’s 
attitude toward axioms, we are told: 

In short, I never yet encountered the mere 
mathematician who could be trusted out of 
equal roots, or who did not clandestinely hold 
it as a point of his faith that 2?+px was ab- 
solutely and unconditionally equal to q. Say to 
one of these gentlemen by way of experiment 
if you please that you believe occasions may 
occur where 2?+ px is not altogether equal to q, 


THE SCIENTIFIC MONTHLY 


and having made him understand what you 
mean, get out of his reach as speedily as con 
venient, for beyond doubt he will endeavour to 
knock you down. 


Here, again is confusion. Of 
**z? + px is not altogether equal to gq.” 
In fact, it is almost never equal to 4g, 
being so for, at most, two values of x. 
and no mathematician or mathematica] 
dilettante ever held the opposite view. 
What Poe did here in setting up his 
straw man was to project upon mathe- 
maticians his own uncertainty regard- 
ing the elementary distinction between 
an identity and an equation. 

Poe frequently refers to Newton’s 
Principia, but it is reasonable to question 
how much of it was in any sense intel- 
ligible to him in view of his misconcep- 
tion of so fundamental a matter as New- 
ton’s second law of motion. In several 
different places he makes the following 
statement. (We take the wording from 
The Purloined Letter again, for the 
lengthy passage from which we have 
quoted is sometimes cited as evidence of 
Poe’s relative scientific maturity. Cf. 


Quinn, loc. cit., 421.) 


The principle of the vis inertia for example 
seems to be identical in physics and meta 
physics. It is not more true in the former that 
a large body is with more difficulty set in mo 
tion, and that its subsequent momentum is com- 
mensurate with this difficulty, than it is in the 
latter that intellects of vaster capacity .. . ar 
yet the less readily moved. 


course 


If the figure of speech is good, it is at 
the expense of the mathematics and 
physics of the proposition for it is easy 
to show that the momentum of a body 
set in motion by a given force is not in 
general proportional to its mass. In 
particular, in the obvious special case in 
which the force is a constant indepen- 
dent of the mass, the momentum is like- 
wise entirely independent of the mass, 
the greater resultant velocities of lighter 
bodies in such eases exactly compensat- 
ing for what would otherwise be the 
defect in their momenta occasioned by 
their lesser masses. 
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An especially revealing passage is 
found in Cryptography: 

In any of the ordinary books upon algebra 
will be found a very concise formula (we have 
not the necessary type for its insertion here) 
for ascertaining the number of arrangements 
in which m letters may be placed n at a time. 
Poe could hardly have given himself 
away more completely, for the formula 
defining the number of permutations of 
m things taken n at a time is one of the 
simplest of all algebraic formulas to 
write and one of the few that do not 
require any special type. For instance, 
it might have been written in the nota- 
tion preferred by the English-speaking 
mathematicians of Poe’s day in the form 

m(m—1)(m-2)... 3.2.1 
(m—n)(m—-n-1)... 3.2.1 
or, had as little as one + sign been avail- 
able, 
m(m—1)(m—2)... (m-n+1). 
The still more compact forms preferred 
by the continental mathematicians, 





m! | 

—--— and es , 

(m—n)! |m—n 
which were perhaps the ones Poe had 
vaguely in mind, could likewise have 
been set up in type without employing 
any symbols not actually used later on 
in the essay itself. It is hard to shake 
off the conviction that Poe was bluffing 
and on a point involving elementary 
algebra but slightly removed from ‘‘the 
commonest common sense.’’ 

One field of mathematics with which 
Poe explicitly boasted some familiarity 
was probability, for in one of his letters 
to Mrs. Sarah Helen Whitman he wrote: 
‘* . . to one accustomed as I am to the 
Caleulus of Probabilities. .’ His 
general attitude is represented by the 
following typical quotations: 

Now this Calculus [probability] is in its es- 
sence, purely mathematical; and thus we have 
the anomaly of the most rigidly exact in science 
applied to the shadow and spirituality of the 
most intangible in speculation (The Mystery of 
Marie Roget). 


The theory of chance ... has this remarkable 
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peculiarity, that its truth in general is in direct 
proportion with its fallacy in particular (4 
Chapter of Suggestions). 

Coincidences in general are great stumbling 
blocks in the way of that class of thinkers who 
have been educated to know nothing of the 
theory of probabilities—that theory to which 
the most glorious objects of human research are 
indebted for the most glorious of illustrations 
(Murders in the Rue Morgue). 


These all have an epigrammatiec qual- 
ity which it is difficult either to challenge 
or to accept. But there are other and 
more specific references that may be ex- 
amined. At the conelusion of Marv 
Roget Poe cautions against assuming 
that the similarity between the facts in 
the mystery unraveled by Dupin and 
the facts surrounding the disappearance 
of the New York girl Marie Cecelia 
Rogers implies that the solutions of the 
two cases may be similar. In fact, he 
asserts that just because of the similarity 
of the data, dissimilarity of the denoue- 
ments is to be expected. In his words, 

. the very Caleulus of Probabilities ... 
forbids all idea of the extension of the parallel, 
—forbids it with a positiveness strong and 
decided just in proportion as this parallel has 
already been long drawn and exact. This is 
one of those anomalous propositions which seem- 
ingly appealing to thought altogether apart 
from the mathematical is yet one which only 
the mathematician can fully entertain. Noth- 
ing for example is more difficult than to con- 
vince the merely general reader that the fact of 
sixes having been thrown twice in succession by 
a player at dice is sufficient cause for betting 
the largest odds that sixes will not be thrown 
in the third attempt. A suggestion to this 
effect is usually rejected by the intellect at 
once. It does not appear that the two throws 
which have been completed and which now lie 
absolutely in the past can have any influence 
upon the throw which exists only in the future. 
The chance for throwing sixes seems to be pre- 
cisely as it was at any ordinary time—that is to 
say, subject only to the influence of the various 
other throws which may be made by the dice. 
And this is a reflection which appears so ex 
ceedingly obvious that attempts to controvert 
it are received more frequently with a derisive 
smile than with anything like respectful atten- 
tion. The error here involved ... I cannot pre- 
tend to expose within the limits assigned to me 
at present; and with the philosophical it needs 
no exposure. 
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There is of course a twofold error here. 
In the first place, it is mathematically in- 
correct to advance the thesis that a long 
run of successes augurs strongly a fail- 
ure on the next turn. To put it pic- 
turesquely, this is equivalent to personi- 
fying probability and endowing it with 
an intelligence (akin no doubt to that of 
Maxwell’s demon doorkeeper, which is 
able to abrogate the second law of ther- 
modynamics) so that it ean ‘‘keep 
books’’ on the trend of the game and 
exert a continuous restoring influence 
toward the expected frequency of suc- 
cesses. Actually, there are only two 
logical ways to estimate what may hap- 
pen on the next turn after a long succes- 
sion of favorable trials. One is to do 
what Poe describes accurately but re- 
jects, namely, to retain confidence in the 
original analysis, or assumption, of the 
probability and accept the inescapable 
conclusion that the chance of an addi- 
tional success is exactly the same no mat- 
ter what has happened on previous turns. 
The other is to revise the analysis in the 
light of the recent experimental evidence, 
in which ease the chance of a further 
success is greater, not less, than it was. 

The second error in the passage is a 
psychological one, namely, the assertion 
that most people are hard to convince 
that a failure is more than usually prob- 
able after a number of successes. Gen- 
eration after generation of freshmen 
study the fundamentals of probability 
in college algebra, and the majority of 
those who make mistakes make just the 
mistake Poe did, an error so frequent 
that it has actually been given a name, 
the Gambler’s Fallacy. Considering 
Poe’s usually aeute psychological in- 
sight, it is hard to understand how he 
came to make this second error, for surely 
human nature has not changed that 
much in one hundred years. 

There remains one broad class of allu- 
sions that it is extremely interesting to 
explore. This contains Poe’s numerous 
references to axioms, self-evidence, con- 
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sistency, and related topics from the area 
which mathematics and logie share with 
one another. Here if anywhere a person 
with a mathematical mind, with or with. 
out extensive formal training, should 
have revealed that ability. But let us 
examine the record. 

In places it seems that Poe was sur- 
prisingly modern. For instance, in the 
passage in The Purloined Letter from 
which we have already quoted, he makes 
Dupin say, 

The great error lies in supposing that even 
the truths of what is called pure algebra are 
abstract or general truths. . . . Mathematical 
axioms are not axioms of general truth. 

And in Eureka, Poe’s major excursion 
into cosmology, he writes, 

. as for self-evidence, there is no such 
thing.... 
A little later he amplifies this assertion, 
declaring, 

Now it is clear not only that what is obvious 
to one mind may not be obvious to another, but 
that what is obvious to one mind at one epoch 
may be anything but obvious at another epoch 
to the same mind. It is clear moreover that 
what today is obvious even to the majority of 
mankind or to the majority of the best intel 
lects of mankind may tomorrow be to either 
majority more or less obvious, or in no respect 
obvious at all. It is seen then that the axio 
matic principle itself is susceptible of varia 
ation, and of course that axioms are susceptibl 
of similar change. Being mutable, the truths 
which grow out of them are necessarily mutable, 
WOO. 6 6:6 

On the basis of quotations such as 
these, Dr. Paul Hey] in another solicited 
letter to Prof. Quinn credits Poe with an 
early and independent recognition of the 
fact, first made clear in the work of 
Bolyai and Lobatehewsky on hyperbolic 
non-Euclidean geometry, that the axioms 
of geometry are not self-evident truths. 

Had Poe stopped with these rational 
and essentially modern observations it 
would be easy to let the compliment 
stand, but he did not. When it suited 
his purpose (as it frequently did) both 
before and after the above passages were 
written, axioms were still self-evident 
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truths. For example, in his essay on 
Charles Dickens he wrote (1842) : 

Excellence may be considered an axiom, or a 
proposition which becomes self-evident just in 
oportion to the clearness or precision with 
which it is put... . It is not excellence if it 
need be demonstrated as such. 


Later (1848) he repeated this thought 
almost word for word in The Poetic 
Principle and, with ‘‘beauty’’ substi- 
tuted for ‘‘execellence,’’ in Critics and 
Criticism. Even in Eureka he wavers: 

Now the laws of irradiation are known. 
They are part and parcel of the sphere. They 
belong to the class of indisputable geometric 
properties. [The italics are Poe’s.] We say of 
them, ‘‘They are true, they are evident.’’ To 
demand why they are true would be to demand 
why the axioms are true upon which their dem- 
onstration is based. 

Before overlooking these contrary 
opinions and crediting Poe with nonethe- 
less possessing the modern viewpoint, let 
us examine what inferences he drew 
from his oecasional denials of self-evi- 
dence. The proper conclusion is that 
axioms being not necessarily self-evident 
or ‘‘ineseapable’’ are therefore relatively 
arbitrary, that is, much more numerous 
than they otherwise would be, thereby 
making possible the coexistence of mu- 
tually incompatible but self-consistent 
doctrines. Poe reached no such conelu- 
sion. His denial of the traditional view 
was complete and utter and _ illogical. 
Because self-evidence could not validate 
an axiom, there were no axioms at all, 
demonstration was impossible, and truth 
rose out of intuition (the difference be- 
tween which and individual or personal 
self-evidence Poe never made clear) in 
one blinding flash in which simultane- 
ously premises and conclusions had their 
origin. Again and again in Eureka 
these ideas find expression: 

No such things as axioms ever existed or can 
possibly exist at all. 

Whatever the mathematicians may assert, 
there is in this world no such thing as demon- 
stration, 

We have reached a point where only intuition 
ean aid us. 
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To explain away this view by urging 
that Poe’s real argument involved defin- 
ing axioms as self-evident truths and 
then showing this class to be vacuous is 
hardly warranted in the light not only 
of some of the quotations we have already 
given, but also in the light of his whole- 
hearted acceptance of the doctrine of 
John Stuart Mill that ‘‘ability or mabil- 
ity to conceive is in no case to be re- 
ceived as a criterion of axiomatic truth.’’ 

In both Eureka and in Mellonta Tauta 
Poe attacked Mill for his supposed vio- 
lation of this principle in accepting the 
law of the excluded middle, and again 
in setting up a straw man revealed the 
confused state of his own ideas. He 
claimed that Mill accepted the principle 
of the excluded middle solely because he 
could not conceive of things being other- 
wise, which superficially does appear to 
contradict the ‘‘prineiple of conceivabil- 
ity.’’ This shows clearly that Poe did 
not realize that axioms are axioms simply 
because someone declares they are and 
uses them in his subsequent discussion 
as such. The law of the excluded middle 
is in the modern sense an axiom of logie, 
and the fact that it appears self-evident 
and that most people cannot imagine it 
false neither proves it true nor yet ren- 
ders it unacceptable as a postulate. 

The lengthy passage in which Poe pre- 
sents this attack on Mill should be 
studied by every embryonic debater. It 
is a brilliant example of a spurious but 
highly effective reductio ad absurdum of 
an opponent’s position. Quinn and 
others regard it as a bizarre bit of humor 
inserted at the beginning of Lurcka, 
perhaps in deference to the ageless tra- 
dition that every speech (Hureka was 
actually a lecture which Poe gave on 
various occasions) should begin with a 
witticism. However, it seems more 
reasonable to take it seriously and to 
suppose that Poe was aware of the for- 
ensie value of this attack on the methods 
of classical logie and, realizing further 


that his own remarks were obscure and 
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inconsistent in many places, that is, that 
they were at best prose-poetry and not 
science, chose this introduction to stifle 
logical objections by holding logie up to 
preliminary ridicule. 

Since Poe entertained such uncertain 
ideas about axioms, it was only to be ex- 
pected that his notions of the related 
matters of proof, truth, and consistency 
would be equally cloudy. We have 
already observed that he frequently de- 
nied the existence of rigorous demonstra- 
tions, yet he was quite willing to assert 
the absolute character of a mathematical 
proof if the occasion required it. Thus 
in The Domain of Arnheim he declares 
that ‘‘the mathematics afford no more 
absolute demonstrations than the senti- 
ments of his art yield the artist.’’ And 
in Eureka itself he goes so far as to 
compliment himself because his reason- 
ing compares favorably with that of 
Euclid : ‘‘I maintain, secondly, that these 
conditions have been imposed upon me 
as necessities in a train of ratiocination 
as rigorously logical as that which estab- 
lishes any demonstration in Euclid.’’ 
(The italics are Poe’s.) 

For Poe absolute truths exist with 
consistency as their warrant, for he says 
in Hureka: ‘‘A thing is consistent in the 
ratio of its truth—true in the ratio of its 
consistency. A perfect consistency, I re- 
peat, can be nothing but an absolute 
truth.’’ (The italics again are Poe’s.) 
Leaving aside the vexing and still unan- 
swered question of how ‘‘perfect consis- 
teney’’ can be inferred, the idea that 
consistency or anything else ean estab- 
lish an absolute truth is strangely out 
of place among reputedly modern ideas. 

Perhaps following Keats and_ the 
‘‘truth-beauty, beauty-truth’’ philosophy 
of his Ode on a Grecian Urn, Poe like- 
wise made beauty a basis for truth. 
After an extended description of the 
nebular hypothesis of Laplace, he de- 
elares (Eureka) : ‘From whatever point 
we regard it we shall find it beautifully 
true. It is by far too beautiful, indeed 





not to possess Truth as its essentiality— 
and here I am profoundly serious jn 
what I say.’’ 

A third and most remarkable basis for 
belief is complexity. Still discussing the 
nebular hypothesis, Poe says, ‘‘I may as 
well here observe that the force of con- 
viction in cases such as this, will always 
with the right thinking be proportional 
to the amount of complexity intervening 
between the hypothesis and the result.’’ 

In quoting from Hureka as extensively 
as we have in the last paragraphs, we 
have not been unfair to Poe, for the argu- 
ments of the essay are the ones advanced 
by the protagonists of Poe, the scientific 
dreamer, as evidence of his prevision o! 
modern astronomical theories, and Poe 
himself realized that it should be perfect 
and unassailable, for he wrote in a letter 
to Mrs. Jane Locke: ‘‘ But for duties that 
just now will not be neglected or even 
postponed—the proof reading of a work 
of scientific detail [Eureka] in which a 
trivial error would involve me in very 
serious embarrassment—I would ere this 
have been in Lowell.”’ 

To probe deeper into the detailed ar- 
cuments of Eureka would be an interest- 
ing but overwhelming task, and one to 
which the talents of a physicist or an 
astronomer were better suited than those 
of a mathematician. Moreover, the thing 
has been done to a degree by erities try- 
ing to decide whether or not the gran- 
diose ideas of the origin of the universe 
contained in the essay indicate any weak- 
ening of Poe’s admittedly unstable mind. 
My own feeling, shared I think by most 
critics, is that the minor confusions we 
have noted are representative of the state 
of the whole, and that if one reads it as 
scientific speculation it is impossible to 
escape the conviction that most of its 
quantitative statements are inaccurate 
and many of its descriptive passages 
highly ambiguous or mutually contradic- 
tory. Its essentially unscientifie char- 
acter may well be epitomized by appos- 
ing the following pair of quotations: 














Each law of Nature is dependent at all points 
yn all other laws. 

It is an admitted principle in Dynamies that 
very body on receiving an impulse or disposi- 
tion to move will move onward in a straight line 
in the direetion imparted by the impelling force 
intil deflected or stopped by some other force. 
How then, it may be asked, is my first or ex 
ternal stratum of atoms to be understood as 
discontinuing their movement at the circum- 
ference of the imaginary glass sphere when no 
second force of more than an imaginary char 
acter appears to account for the discontinuance? 

I reply that the objection in this case actu- 
ally does arise out of an ‘¢unwarranted as 
sumption’’ on the part of the objector, the 
assumption of a principle in Dynamics at an 
epoch when no ‘‘principles’’ in anything exist. 

Can it be science or the work of a 
mathematically inclined mind when that 
mind alone can say when laws are opera- 
tive and when they are not, when forces 
act and when they do not, and when 
criticism is stifled by the arbitrary dic- 
tum that the physical principle advanced 
in support of an objection was not at 
that time valid, although half a dozen 
similar laws may have been invoked pre- 
viously in the construction of the argu- 
ment? 

Eureka should not be judged by false 
standards, but read simply as a meta- 
physical prose-poem. And if we must 
relate it to similar ventures of the rest- 
less mind of man let us not read into it 
an anticipation of the expanding uni- 
verse of the modern relativists, but let us 
simultaneously acknowledge Poe’s scien- 
tifie limitations and his known indebt- 
edness to such German orientalists as 
Schelling, Fiehte, and the two Schlegels 
and regard it more reasonably as his 
paraphrase of the central philosophy of 
the Vedas, the Upanishads, and the 
Vedanta of the Indians, as Prof. For- 
rest has pointed out in his book Biblical 
Allusions in Poe. 

From the nature and frequency of his 
mistakes and misconceptions, both in 
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Eureka where critics have for long been 
cognizant of them, and in his other essays 
where they have been less frequently 
remarked, it seems abundantly clear that 
Poe was not a poor mathematician but 
simply no mathematician at all. And 
of course there was no reason why he 
should have been. He took no mathe- 
matical courses during his brief stay at 
the University of Virginia, and while he 
did pursue mathematical studies at West 
Point it was only a few months before 
they terminated with his court-martial 
and dismissal. During his mature years 
when he had to labor unceasingly to gain 
the bare necessities of life it is doubtful 
that he had any time for study, although 
his familiarity with names and topics 
shows that he did a commendable amount 
of ‘‘browsing’’ in technical works. 

As a person with respectable mathe- 
matical inclinations, rooted in a reason- 
able appreciation of the subject, Poe 
would naturally have ornamented his 
work with allusions from the field. As 
a nonmathematician his reason for such 
embellishment is more obseure, and has 
confounded some commentators into in- 
ferring ability on very superficial evi- 
dence. The real explanation probably 
lies deep in the processes of Poe’s pecu- 
liar mind. <A psychoanalytical theory of 
what might be called ‘‘Poe’s legend of 
himself,’’? well coneeived and brilliantly 
written is to be found in the book Edgar 
Allan Poe—A Study in Genius by Joseph 
Wood Kruteh. Although Poe’s most re- 
cent, and perhaps most scholarly biogra- 
pher, Quinn, rejects completely the 
Freudian approach of Krutch, it appeals 
to me as a reasonable analysis of Poe’s 
personal and literary characteristics, and 
one which in particular is quite adequate 
to explain Poe’s posturing with the most 
esoteric discipline of which he had any 
knowledge, mathematics. 
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SCIENCE BOOKS FOR THE NONSCIENTIST 


Goop science makes good reading. Un- 
fortunately, too many nonscientists—and 
some scientists—nurtured on stilted sei- 
ence textbooks, have not yet become ac- 
quainted with this mind-warming fact. 
The scientific classics molder on library 
shelves because the average reader, who 
voraciously devours biographies, does not 
know that many of the great scientific 
books are in large part warm and thrill- 
ing biographies of outstanding men of 
science. The lives of men like Newton, 
Darwin, Galileo, and the like are in their 
works. 

In re-exploring scientific literature for 
its literary merit, I have turned up an 
incredible amount of material that is 
good reading as well as good science. 
Much of this material is to be found in 
an average library—but it does not 
circulate nearly as much as it should. 
There is a certain fear on the part of 
many nonscientists that they will neither 
understand nor enjoy scientific literature 
as written by its greatest masters. Once 
they get a real taste of it, however, they 
cannot get enough of it. The taste is 
easier to acquire than a liking for ripe 
olives or raw oysters. 

The study of science as a cultural sub- 
ject rather than a purely technical or 
mechanical one is growing and can be 
expected to continue growing. Many 
colleges are now introducing broad ori- 
entation courses in science for students 
who are not candidates for science de- 
grees. Yale College, for example, is 
introducing such a course this year. The 
library can do a great deal to enrich the 
lives of many out-of-college individuals 
by acquainting them with books that 
make it possible to understand science 
as a way of life and thought and not 
merely a hobby. 
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To further the study of science as a 
cultural subject, I suggest that the fol- 
lowing recommendations be made to 
librarians: 

1. Do not segregate all the scientific 
If the 


shelves, 


classics among technical books. 
library has open ‘‘browsing’’ 
put the books 
‘*biography,’’ ‘‘travel,’’ and 
Descartes’ ‘‘ Discourse on Method,’’ Ben- 
jamin Franklin’s experiments on elec- 
tricity, John Snow’s ‘‘On Cholera,”’ 
Langley’s ‘‘Memoir on Mechanical] 
Flight,’’ and Faraday’s diary are as 
much biography as they are science. 

2. Keep and display science source 
books and anthologies. They will de- 
velop a taste for further reading. (And, 
incidentally, they make a wonderfully 
convenient shelf of reference books for 


some of science under 


‘*essays.”’ 


the quick answer to many scientific ques- 
The list of science source books 


tions. ) 
eiven below should serve the needs of 
many libraries: 

New 


Scie nce in 
Series). 
1945, 


BAITSELL, GEORGE (editor). 
(1st, 3rd, and 4th 
Haven: Yale University Press. 


ress 2nd, 


BEEBE, WILLIAM (editor). The Book of Natu 
ralists, An Anthology of the Best Natural 
History. New York: Alfred A. Knopf. 1944. 


CLENDENING, LOGAN (compiler). Source Book 
of Medical History. New York and London: 
Paul B. Hoeber, Inc. Harper & Brothers. 


1942. 


CULLIMORE, ALLAN R. (editor). Through Engi- 

neering Eyes, Science Selections from Litera- 
(Re-edited by Frank A. Gremmer and 
New York and Chicago: 
1941. 


ture. 
James H. Pitman.) 
Pitman Publishing Corporation. 

DAMPIER-WHETHAM, SIR W. C., and WHETHAM, 
MARGARET D. (arrangers). Cambridge Read- 
ings in the Literature of Science. New York: 
The Maemillan Company. 1924. 

Harvard Classics, 

New York. 1897. 


ELIOT, CHARLES W. (editor). 
Vol. 38, Scientific Papers. 











LTON, JOHN F. (editor). Selected Readings 

n the History of Physiology. Springfield 
Ill.): Charles C. Thomas. 1930. 

KNICKERBOCKER, W. 8S. (editor). Classics of 
Modern Science (Copernicus to Pasteur). 
New York: Alfred A. Knopf. 1927. 

LAW, FREDERICK HoukK (editor). Science in 
Literature, A Collection of Literary Scientific 
Essays. New York and London: Harper & 
Brothers. 1929. 

LonG, E. R. (editor). Selected Readings in 
Pathology from Hippocrates to Virchow. 
Springfield: Charles C. Thomas. 1929. 

MAGIE, WILLIAM FRANCIS (editor). A Source 

B in Physics. New York and London: 

McGraw-Hill Book Company, Ine. 1935. 


Mayor, RALPH H. (editor). Classic Descrip- 
tions of Disease. Springfield: Charles C, 
Thomas. 1932. 

MATHER, KIRTLEY F., and MASON, SHIRLEY L. 
(editors). A Source Book in Geology. New 
York and London: MeGraw-Hill Book Com 
pany, Ine. 1939. 

MOULTON, ForEST RAY, and SCHIFFERES, J USTUS 
J. (editors). The Autobiography of Science. 
New York: Doubleday, Doran, Ine. 1945. 


Ratcuirr, J. D. (editor). Science Yearbooks, 
1943, 1944, 1945. New York: Doubleday, 
Doran and Company. 1943-45. 

SHAPLEY, HARLOW, and HOWARTH, HELEN E, 
(editors). A Source Book in Astronomy. 
New York and London: McGraw-Hill Book 
Company, Ine. 1929. 


_ , RApporRT, SAMUEL, and WRIGHT, HELEN 
(editors). A Treasury of Science. New 
York and London: Harper & Brothers. 1943. 

SMitH, DAvID EUGENE (editor). A Source Book 
in Mathematics. New York and London: 
McGraw-Hill Book Company, Ine. 1929. 

THOMS, HERBERT (editor). Classical Contribu- 
tions to Obstetrics and Gynecology. Spring- 
field: Charles C. Thomas. 1935. 

Wituius, F. A., and Keys, T. E. (editors). 
Cardiac Classics. St. Louis: C. V. Mosby 
Company. 1941. 





3. Have simple exhibits of science 
books. Almost every year affords an 
‘‘oceasion’’ for the display of a book and 
a portrait of a great scientist. For exam- 
ple, 1943 was the four hundredth anni- 
versary of the publication of Copernicus’ 
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famous Revolution of the Heavenly 
Bodies in the year of his death, 1543. 
1945 was the hundredth anniversary of 
the birth of Wilhelm Konrad Roentgen 
and the fiftieth anniversary (on Decem 
ber 28) of his world-shaking announce- 
ment of the diseovery of the X-ray. Ex- 
cellent newsworthy exhibits would have 
been easy to construct on an ‘‘X-ray’’ 
theme. For the library that has fuller 
resources, the following display exhibit 
might well serve to call attention to its 


vealth of science-as-culture material : 


The Ten Most Important Books in the 
History of Science 


The underlying purpose of this exhibit is to 


I 
reveal the correlation between the graphic arts 
with special reference to printed boo and the 
development of scientific thought. Scientific 
development has gone forward through an inte1 


action between observation and hypothesis, be 
tween things and thoughts, between instruments 
and ideas, between tools of experiment (e.g,, 
microscope, telescope, electromagnet, air foil 
and preservation of ideas in printed form. This 
exhibit places emphasis on those great ideas 
such as the heliocentric universe and the origin 
P 


of species—which were presented to, and pre- 


served for, the world of scientific thinking in 


] 
OWS, 


t 
the form of b 
The lodestone of the exhibit should be the 


original editions, under glass, of the following 
books which were turning points in the history 


of science: 
1 De Revolutionibus Orbium Coelestium 
(The Revolution of Heavenly Bodies 
1543. NicoLAus COPERNICUS (1473- 


1543 

2. De Humani Corporis Fabrica (The Anat- 
omy of the Human Body). (Seven 
volumes and an_ Epitome.) 1543. 


ANDREAS VESALIUS (1514-1564). 

3. Novum Organum (The New Atlantis). 
1620. FRANCIS BACON Lord Veru- 
lam) (1561-1626). 





1. Exercitatio de Motu Cordis et Sanquinis 
(Essay on the Motion of Heart and 
Blood). 1628. WILLIAM HARVEY 
(1578-1657 ) 

5. Discours de la Méthode (Discourse on 
Method) 1637. RENE DESCARTES 


(1596-1650 
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Mathematica Philosophiae 

(The Mathematical Princi- 
ples of Natural Philosophy). 1687. 
Sir IsAAc NEWTON (1642-1727) 


Principia 
Naturalis 


Inquiry into the Cause and Effects of the 


Variolae Vaccinae. 1798. EDWARD 


JENNER (1749-1823). 
An Essay on the Principle of Population. 
1798. THomas MALTHUS (1766-1834). 


On the 
Natural 
DARWIN 


Origin of Species by Means of 


Selection. 1859, CHARLES 


(1809-1882). 


(Visitor’s Choice). 


Justus J. SCHIFFERES 
SCIENCE PUBLICATIONS CoUNCIL 
NEw YORK, N. Y. 


DESTROYED BY HIS FRIENDS 
Luther Burbank, A Victim of Hero Worship. 

Walter L. Howard. 221 pp. Illus. $3.75. 

Chronica Botanica Co. Waltham, Mass. 1946. 

WRITTEN by a leading horticulturist, 
this is the first book about Burbank that 
vives authentic information fairly and 
without prejudice. Much biographical 
material has been gathered from many 
sourees. For the first time Burbank is 
placed in his proper background, making 
him a man rather than a legendary fig- 
ure. 

Any writer about Burbank and _ his 
work has the diffieult task of sifting the 
exaggerated and misstatements 
arising both from Burbank’s uncritical 
estimate of his work and the publications 
of writers who knew little or nothing 
about the scientific aspects of the subject. 
On the other hand, there is the overly- 
critical attitude of specialists in the seed 
and nursery trade and_ professional 
geneticists and biologists, who properly 
resent and distrust the nonsense about 
Burbank that has been too prevalent in 
the popular press. The background and 
setting of the conflicting interests that 
swirled about Burbank during the latter 
part of his life make the real accomplish- 
ments of a long life of hard work begin 
to stand out. The author states that he 
has endeavored to write a human inter- 


claims 


est story, and in this he has succeeded 
admirably. 

Burbank is unique in that he is per- 
haps the only man who has tried to make 
a living out of plant breeding as an 
enterprise, separate from a seed and nur- 
sery business. Even he found this to be 
impossible, as in later years his income 
came more and more from the sale of 
standard varieties of seeds and plants. 
Without formal schooling beyond high 
school, Burbank became 
this new field partly through contact 
with Professor Agassiz, of Harvard, who 
visited his father in their home at Lan- 
caster, Mass., and partly through the 
writings of Darwin. A lucky find of a 
valuable potato seedling started him in 
the search for new kinds of plants that 
he was to pursue all his life. 

The author points out that Burbank’s 
chief difficulty was with the popular 
press and enthusiastie friends who mac 
fairy stories out of his accomplishments 
Burbank himself had an exaggeration 
coefficient of about ten and apparently 
made no attempt to hold within reason 
the imagination of writers even more 
cifted than he along this line. 

When due allowance is made for all 
the extravagant statements and misin- 
formation, there is real accomplishment, 


interested in 


not in the science of genetics, but in the 
art of plant improvement. A list of 
3urbank produets ineluded in this book, 
eondensed from Bulletin 691 of the Cali- 
fornia Experiment Station by the same 
writer, is impressive. Horticulturists 
would like to see a comparison with 
other workers in the same field. Many 
specialists working with more restricted 
materials have accomplished more than 
Burbank, but no one has given this work 
more widespread publicity. 

The author believes that professional 
biologists have been unjustly critical of 
3urbank because he was not an orthodox 
scientist who followed the rules for ex- 
perimental procedure and publication in 
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scientific journals, and also that there is 
a certain amount of professional jeal- 
ousy. The reviewer considers that any 
prejudice that may exist is due more to 
the unfair comparison that has been 
made with other workers in the same 
field who have accomplished more of last- 
ing value than Burbank. Darwin, Men- 
del, and Galton were not professional 
investigators, but their place in the field 
of science is unquestioned. Although 
much that Burbank has done has a great 
deal of scientific interest and can be 
studied by students of heredity more 
than it has been, very little that he has 
accomplished has contributed anything 
to the better understanding of the laws 
of heredity and the principles of varia- 
tion in living organisms that is funda- 
mental to their improvement. 

Every teacher and biologist interested 
in plant improvement will find this book 
a souree of accurate information about 
one of America’s most interesting and 
colorful figures, and it should help to 
correet an unfortunate attitude that has 
existed both on the part of the Burbank 
boosters as well as his detractors. 

DonaLp F’. JONES 

CONNECTICUT AGRICULTURAL 

EXPERIMENT STATION 
NEW HAVEN 


BACTERIA OF THE OCEAN 
Marine Microbiology. Claude FE. ZoBell. xv 4 

239 pp. Chronica Botanica Co. Waltham, 

Mass.; G. E. Stechert and Co. New York. 

1946, 

THE TERM ‘‘marine microbiology,’’ in 
the broadest sense, refers to all micro- 
scopic forms of life that are found in 
water. There have been many books 
concerning the protozoa and algae, but 
no volume especially concerned with 
marine bacteria, yeasts, and molds. The 
present volume seeks to remedy this gap, 
and, while it is a review primarily of 
bacteriological studies, the veasts and 
molds also receive consideration. 


Seattered over the globe are a few 


VIEWS 939 
laboratories which specialize in the hy- 
drobiology of inland waters and a still 
smaller number which are equipped for 
oceanic microbiology. The interests of 
the marine bacteriologist 
every phase of study which has been 


impinge on 


undertaken by the less specialized bae- 
teriologist and include the distribution 
of microorganisms in floating 
plankton, and sediments; the physiology 
and their possible 
industry, and 


water, 


of these organisms; 
effect on marine ecology, 
public health. The curiosity of the bae- 
teriologist concerning these studies has 
largely been left unsatisfied because no 
volume existed which organized the sci- 
entific output of the various laboratories. 

Certainly none of the laboratories in 
the United States are unfamiliar to Dr. 
ZoBell, and, sinee there is searcely a 
phase of marine bacteriology in which 
he has not had an active part, this ver- 
satility is reflected in the monograph. 
writings have dealt with the 
the United States, from the 


His own 
waters of 


steep slopes of the rising Pacific shore, 

through the heavy waters of Great Salt 

Lake and the fresh water inland lakes, 

to the drowned valleys of the Atlantic 
' 

lo supplement this experience he 


coast. 
has drawn upon the work of marine in- 
vestigators in all parts of the globe. A 
single page of the monograph may con- 
tain references to the coastal waters of 
North America, the fresh or salt marshes 
of the Netherlands, the mud of the Dead 
Sea, or the Russian limans. 

The inland bacteriologist approaching 
the field of oceanic microbiology should 
read attentively the chapter dealing with 
the difficulties of collecting samples 
from the sea. This should aid in the 
evaluation of results obtained from the 
studies of deep-water and bottom sedi- 
ments, as well as in giving an under- 
standing of the challenge of those vast 
vet untouched by the sterile 
Since the monograph is writ- 


areas as 
pipette. 


ten by a bacteriologist, some claims as 
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to the importance of bacteria advanced 
in this text will be disputed by the physi- 
cal oceanographer, who is not apt to be 
ereatly impressed by test tube experi- 
ments. 

The book is of convenient size, well 
illustrated with comprehensible tables, 
and the sketches by Alma Broulik Carlin 
add to its interest and appearance. 

Mare@aret HotTcHKiss 


DEPARTMENT OF BACTERIOLOGY 
UNIVERSITY OF KENTUCKY 


DAVID RITTENHOUSE 
David Rittenhouse: 


Ford. 226 pp. 


Press. 


Astronomer-Patriot. Kd- 
$2.50. 
Philadelphia. 


University of 
1946. 


ward 

Pennsylvania 

Davin RITTENHOUSE was a truly great 
man. Edward Ford has proved it. And 
with facts only. No fiction, no glamor, 
no embellishment, no exaggeration, no 
fabrication. Just David Rittenhouse as 
he was. The book sustains one of my pet 
theories: in writing the history of a man 
or a nation, facts are more inviting than 
fiction ; more impressive than fairy tales 
or detective stories; more thrilling than 
the wildest imaginations of the most 
modern historical novelist. 

Ford has made his book interesting— 
at times thrilling—by telling, so appro- 
priately, the story of Rittenhouse in 
words as simple, sentences as clear, and 


paragraphs as connected, as his life was 
simple, clear, and connected. 

This farm boy was eight when he made 
a working model of a water-powered 


mill! He was twelve when an uncle died 
leaving him an English translation of 
the First Book of Newton’s Principia, 
which changed the course of David’s 
life away from farming (just as it had 
changed the course of all scientific 
thought throughout the world); and 
seventeen when he made the first Ritten- 
house thirty-hour clock with works of 
wood! This famous clockmaker has now 
been dead a century and a half, yet forty 
of his clocks are still ticking on, still 
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striking the hours of time. One of his 
famous clocks stands in the president’s 
office of the University of Pennsylvania. 

Rittenhouse was a master of many 
trades and occupations: a surveyor, en- 
vineer, teacher, librarian, clockmaker, 
translator, astronomer, politician, cura- 
tor, and always a scholar and scientist. 
Public positions held by him included: 
city surveyor of Philadelphia, engineer 
of public works during the Revolution, 
trustee of the state’s Loan Office, member 
of the Pennsylvania Assembly, State 
Treasurer, and the first director of the 
first mint in the United States. 

In the field of science and philosophy, 
Rittenhouse held high and important 
honors and positions: librarian, curator, 
and, finally, President of the American 
Philosophical Society; fellow of the 
American Academy of Arts and Sciences, 
Boston; Professor of Astronomy and 
Vice-Provost, College of Philadelphia; 
fellow of the Royal Society of London; 
and trustee of the University of Pennsyl- 
vania. He was given the honorary de- 
oree of Master of Arts by the College of 
Philadelphia and by the College of New 
Jersey, the latter institution also grant- 
ing him the degree of Doctor of Laws. 

Among his constructions were an or- 
(planetarium), a ‘‘metalie ther- 
’? an observatory, and numer- 


rery 
mometer, 
ous astronomical instruments. 
Rittenhouse made an English transla- 
tion of Gotthold Ephraim Lessing’s play 
Miss Sarah Sampson, or the Unhappy 
Heiress. The translation was published 
by Charles Cist as Miss Lucy Sampson, 
or the Unhappy Heiress, and was attri- 
buted to ‘‘A Citizen of Philadeiphia.”’ 
We are told by the author that in 
astronomy, mathematies, and physics 
Rittenhouse’s grasp of fundamentals was 
complete, something which Benjamin 
Franklin could not and did not claim. 
Of this deficiency the latter was acutely 
aware, and so he could write to the lieu- 
tenant-governor of New York, Cadwal- 

















lader Colden, when Colden disputed his 
theory that ships must necessarily sail 
more slowly to westward than to east- 
ward because of the rotation of the 
earth: ‘‘I ought to study the sciences I 
dabble in before I presume to set pen to 
paper.’’ And so Franklin deferred to 
Rittenhouse’s sounder knowledge in as- 
tronomy and mathematics. When he 
acquired a telescope equipped with a 
micrometer, he appealed to Rittenhouse 
for an explanation of the accessory. To 
men who valued astronomy and mathe- 
matieal research and recognized the in- 
dispensability of scientific method, Rit- 
tenhouse, says Ford, had no peer in 
America. In his Notes on Virginia in 
1781, Jefferson wrote: 


We have supposed Mr. Rittenhouse second to 
no astronomer living; that in genius he must be 
first, because he is self-taught. As an artist, 
he has exhibited as great proof of mechanical 
genius as the world has ever produced. He has 
not, indeed, made a world, but he has by imita- 
tion approached nearer its Maker than any man 
from the Creation to this day. 


Jefferson, as other instances indicate, 
was given to the use of the most super- 
lative language to describe the traits of 
those whom he liked and, in like manner, 
to attack those whom he did not like. 
As Ford points out, this and other en- 
comiums quoted were, of course, too 
sweeping since in England, France, and 
Germany there were a number of as- 
tronomers and scientists who outranked 
Rittenhouse; but the fact still remained, 
as the author states, that in America 
Rittenhouse stood alone. 

Rittenhouse dabbled in theories about 
the plurality of worlds and their pos- 
sible inhabitants, as did Thomas Paine, 
and expressed the hope that if Mars and 
Venus were inhabited, they could not be 
reached by ‘‘British thunder, impelled 
by thirst of gain’’! He lashed out at 
tyrants and was an aggressive Whig at 
all times. When Franklin withdrew 
from the Pennsylvania Assembly, Ritten- 
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house was chosen as his suceessor. Jeffer- 
son chided him for mixing in polities 
and neglecting science. 

That Rittenhouse was a true liberal, 
devoted to the cause of democracy and 
common men, is conclusively established 
by the fact that he incurred the undying 
enmity of John Adams, who at heart 
was a monarchist, determined on having 
a king and an aristocracy in America. 
Adams let loose a tirade of adjectives 
against Rittenhouse: ‘‘a good, simple, 
ignorant, well-meaning, Franklinian 
democrat, totally ignorant of the world 
as an anchorite, an honest dupe of the 
French Revolution,’’ ete. Ford says: 
Adams’ ‘‘own revolutionary ardor had 
cooled since 1776.’’ No, it had not 
cooled for it never existed. Adams, it is 
true, favored independence but not revo- 
lution. He was opposed to the transfer 
of the divine right of kings to the divine 
right of the people. He opposed de- 
moeraey and favored a monarchy. 

Rittenhouse was the ‘‘Mint-Builder’’ 
of our country. He purchased the 
ground for the first mint—the very first 
real estate ever owned by the United 
States—built the building and equipped 
it, and was the first director of the mint. 

Rittenhouse joined no church. His 
mother was a Quaker, his father, a Men- 
nonite. His first wife died, and he 
married again. Both his wives were 
Quakers, both were married ‘‘out of the 
meeting,’’ and both were ‘‘disciplined”’ 
for their ‘‘indiseretions.’’ Because of 
his belief in the plurality of worlds, in 
their probable inhabitation, and in New- 
tonianism, Rittenhouse was tagged an 
‘Catheist.’’? In his address to the Ameri- 
ean Philosophical Society in 1775, he 


sald: 


The doctrine of the plurality of worlds is 
inseparable from the religion. . . . Nothing 
ean better demonstrate the immediate presence 
of the Deity in every part of space, whether 
vacant or occupied by matter, than astronomy 
does. It was from an astronomer St. Paul 
quoted that exalted expression, so often since 
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repeated, ‘‘In God we live, and move, and have 
our being! ’’ 
interest in a future state than be divested of 
humanity; I mean that good-will I have to the 
species, although one half of them are said to 
be fools and the other half knaves. Indeed I 
am firmly persuaded that we are not at the dis 
posal of a Being who has the least tincture of 


ill—or requires any in us. 


His aloofness toward the church, Ford 
suggests, was like that of many Colonial 
thinkers, who accepted tacitly the tenets 
of Deism, ‘‘a view strengthened by the 
fact that he found congenial the Uni- 
tarian views of Jefferson and Dr. Joseph 
Priestley.”’ 

The University of Pennsylvania Press 
is doing a much-needed work in present- 
ing ‘‘Pennsylvania Lives’’ of men who 
contributed vitally to the revolutionary 
thought-structure of our way of living. 
Mr. Ford has done a splendid service in 
extending another great Pennsylvanian 
beyond the state and beyond the nation, 
to become a world influenee. Only in 


the ideas of common people, whose hearts 
and minds live in the realm of things 
universal, and away from the narrowness 
of individualism and nationalism is there 
hope of individual, national, and world 
survival. 


R. C. Roper 
NEW York, N. Y. 


MATHEMATICS MADE EASY? 

of the Exact Sciences. 
William Kingdon Clifford. Edited, with a 
preface, by Karl Pearson. Newly edited, 
with an introduction, by James R. Newman. 
Preface by Bertrand Russell. lxvi+249 pp. 
Illus. $4.00. Alfred A. Knopf. New York. 
1946. 


The Common Sense 


WirTH nearly all more or less educated 
people, even arithmetic is a ‘‘bookish”’ 
subject, let alone algebra or geometry. 
Before we have the time and the oppor- 
tunity to learn about these matters from 
actual experience—by ‘‘common sense”’ 
—the school pounces upon us with its 
textbooks. Further learning becomes 
clothed in all the paraphernalia of the 





I would sooner give up my 
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erudite, with all its forbidding symbol- 
isms, its learned vocabulary, and all 
its—goodness-knows -by- whom—revealed 
truths and rules. 

It is therefore very refreshing to find 
someone who reminds us that in spite 
of all these learned trappings the basic 
rules of arithmetic and algebra are noth- 
ing more and nothing else but ‘‘common 
’; especially if this is done in as 
simple and as convincing a manner as 
in the book under review. 

The study of space begins with the 
assertion: ‘‘Geometry is a physical sci- 
ence.’’ By now we have grown quite 
accustomed to this point of view. But 
in the eighties of the last century, when 
the ‘‘ideal world of geometry’’ was stil! 
excellent currency, this was a bold state- 
ment. Clifford develops the 
notions of geometry, using solids as his 
point of departure. He anticipated some 
of the ideas which later became popular 
owing to the writings of Henri Poin- 
care, 

The author does not limit the scope of 
his discussion to the mathematical equip- 
ment that is the common possession of 
most readers. He tries to add to this 
store of knowledge and to widen the 
mathematical horizon of those who are 
willing to make the effort of following 
him in his entertaining presentation. 

The book is printed in large type, with 
pleasing illustrations, and has a very at- 
tractive binding. It would be a fitting 
addition to any library and should be 
on the shelves of both our publie and 
our school libraries. 

It would seem, however, that a less 
ornate and much cheaper edition of this 
book would be desirable also,. an edition 
that could readily find its way into the 
pocket of a high school student, into the 
rooms of a college dormitory, into the 
hands of those whose intellectual hunger 
is far ahead of their affluence. 

N. A. Court 
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COMMENTS AND CRITICISMS 


Coghlan and Gerard 


The June issue of SM features two contri- 
iti noteworthy that the writer feels 
oustrained to comment briefly on them from 

layman sympathetic to 
achieve 


tions so 


standpoint of a 
ientists at a time 
uts and purposes are becoming the topic of 


when scientific 
mversation of most civilians. 

First of all, allow me to congratulate you 
m that most timely article by Ralph Coghlan, 
‘‘The Need for Science Writing in the Press.’’ 
\nyone who has had the patience to wade 

ough the various articles by philosophers, 

vchologists, and psychiatrists that have 
broken out in recent numbers of SM, purport- 
ing to speak for the great body of science 
about the controversial subjects of the day, 
must realize that such men have lost the power 
to express their ideas in the language of the 
common man whom they wish to reach. Indeed, 
the P-P-P division, if they really are qualified 

act as mouthpieces for the inarticulate labo- 
ratory workers who are responsible for modern 
wizardry, must be hard put to it to understand 
one another’s theories. Certainly, a convention 
of P—P-P’s would be the last word in bore- 
dom to the average citizen, especially if inter- 
national relations were discussed in terms of 
organie wholes and discrete integral processes 
of the hypotenuse. 

Of course, nobody expects a philosopher to 
employ the gracious phrases of a Robert Louis 
Stevenson, nor that he be endowed by nature 
with the ineisive wit of a Will Rogers or a 
Mark Twain, nor that he stir men’s souls with 
the marvelous oratory of a Winston Churchill. 
Yet the fact remains that many of our greatest 
men have dealt with their fellow humans in the 
language of the common man; so much so, in- 
deed, that one is inclined to ascribe small stat- 
ure to him who hides his thoughts behind a 
screen of equivocal verbiage. Mr, Coghlan has 
expressed the belief that many wise scientists 
are more than anxious to bring the implica- 
tions of scientific research to the public in 
that the latter can understand. He 
might have mentioned the fact that 
Harold C. Urey recently appeared as one of 
the speakers at a Town Meeting of the Air on 
the radio. That he answered the questions of 
the audience in language that all could compre- 
hend and made some excellent points to eluci- 
date the position of science in present world 
polities argues well for the ability of truly 
great scientists to come out from behind the 
screen and talk as the rest of us do. 

Many years ago the writer had occasion to 


terms 


Professor 


translate a number of technical articles from 
American scientific journals into Spanish for 
South American 


have 


the newspapers of a certain 


country. How well he would succeeded 


with some of the more recent contributions of 
American philosophers is, of course, quite de 
batable. 
more complex 


These men now argue that life is so 
than it that a 
expression is necessary to put 
that as it 
forget the 


much was new 
technique of 
over one’s ideas. Be may, it would 
that fact of 


overspecialization, a process which entails coin- 


seem many seem to 
age of trade terms such as those employed by 
psychoanalysts and others who wish to impress 
the ailing public and thus command higher 
fees. Since it now 
to let the rest of the world 


scientists are thinking, and since the bulk of the 


seems of such importance 


know what our 
information will suffer by translation at best, 
how unfortunate that they do not even speak 
the language of their own people. 

The other article to which the writer refers is 
the masterful essay of Dr. R. W. 


‘“The Biological Basis of Imagination.’’ 


Gerard on 
Here 
again one must be up on his toes to understand 
some of the terms employed. But Dr. Gerard 
goes to some pains to make the scientifie verbi 
effort to keep 
abreast of his reasoning is well repaid. Here 
is a man who must be a prodigious worker. We 
feel that he must be deeply interested in his 
work and that he has helped to push back the 
frontiers of that 


ences, our knowledge of 


age comprehensible, and the 


most interesting of all sci 


ourselves, our own 
innermost and personal selves. Your correspon 
dent believes this is an inspired article, one in 
which Dr. 


English approaching the lyrie qualities of a 


Gerard expresses himself in elegant 
poem. Such writing can come only from a man 
who is sure of his ground, one who has tested 
and retested a point that the 
pieces fit together which, while 
still far from perfect, is sufficiently intelligible 
thrill 
which must be his as he goes ever deeper into 


his findings to 
into a whole, 


to give his readers something of the 


this absorbing subject. Such an essay goes far 
toward re-establishing one’s faith in the ulti 
mate emergence of lasting truth through unre 


mitting labor rather than through the empty 
theorizing that so philosophical writers 
affect in lieu of honest effort. 
Dr. Gerard, and many thanks from at least one 


of your readers.—P. R. GLEASON. 


many 
Congratulations, 


CorrEcCTION: The writer of the letter on 
pp. 159-160, August SM, is Joshua L. Baily, 
Jr.. San Diego, Calif.—Ed. 
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August. “A day 
of torpor in the 
sullen heat of Sum- 
mer’s passion” 
wrote James Whit- 
comb Riley. Every- 
one should be tak- 
ing his annual 
siesta by the old 
swimming hole or 











wherever waves lap 
mountain streams murmur 
among the rocks. Why should anyone read 
the SM in August when he might read Riley 
or refuse to do more than contemplate the 
sky and sea and shadows? But Dr. H. M. 
Davis of Pennsylvania State College writes 


on the beach or 


that his nonmember colleagues are wearing 
out his August issue. Why? Because Bruce 
S. Old in that issue poked a little mathe- 
matical fun at wartime committees, boards, 
and panels. It goes to show that if we must 
have an August issue it is well to put some 
levity in it. The times are so out of joint 
that a little satire should be acceptable in 
any issue. Thus we now present “The Last 
Canute” by Garrett Hardin, as an antidote 
to threatened “suffocation by our own in- 
telleetual excreta.” 

In lieu of a vaeation the editor intends to 
It is 
really too hot to view with alarm or try to re- 
1850 died quietly last 
week in a committee of the House. Dr. How- 
ard A. Meyerhoff, who did his best to pre- 
vent the abortion, performed the autopsy in 


keep on rambling through this page. 


form anything. S. 


Science. 
or something when they should have been at 
“Never mind,” says the Navy, 


It seems that scientists went fishing 


the bedside. 
“we'll eare of 
“We'll not only protect the nation but build 
it up through research.” This was the im- 
pression we obtained from Captain R. D. 
Conrad, Director of the Planning Division 
of the Navy’s Office of Research and Inven- 
tions, the only Government agency now pro- 
viding for the active and comprehensive sup- 


The Captain 


take fundamental research. 


port of fundamental research. 


and his men were cordial and enthusiastie. Tt 
was obvious that they have a Mission to per- 
form, and there is no doubt that their pro- 
gram will advance science as well as the 
Navy. With the best naval and civilian ad- 
vice they could obtain they have already ap- 
proved and are supporting scores of research 
projects in colleges and universities through- 
out the country. Supereconductivity, under- 
water sound, crystal strength, supersonie 
aerodynamics, propulsion, electronies, nuclear 
physics, mathematical computation, medicine, 
and psychology are some of the subjects of 
research discussed by Captain Conrad in a 
recent address on the Navy in research. We 
hope that some of these developments will be 
deseribed in the SM, since most of the proj 
ects are free from security classification. The 
Navy’s program of research is all to the good, 
for if war comes again, it will not be caused 
by increase in physical and biological knowl- 
edge but by social and moral ineptitude. 
We like Captain Conrad and we wish him 
great success in his cooperation with civilian 
scientists. But our enthusiasm for his pro- 
gram is somewhat tempered by “the Mathe- 
maties of Committees, Boards, and Panels.” 
To be sure, the Navy is not farming out pro)- 
ects conceived in a smoke-filled room, but it 
would be only human for some professors to 
shape their proposals for research to fit the 
supposed needs of the Navy as indicated by the 
Thus 


the Navy may unintentionally restrict free- 


titles of projects already under way. 
dom of research. For this reason we hope 
that research men will never be entirely de- 
pendent for their bread and butter on ap 


propriations from military or civilian Gov- 


ernment agencies, or on grants from industry 
for that matter. The urge to make observa- 
tions or experiments that would not appeal 
to any purse must not be completely re- 
pressed by Men of Measured Merriment. 
In spite of the heat we seem to have for- 
“And Day 
sinks into slumber, cool and sweet, within 
the arms of Night.” 


gotten our rambling vacation. 


F. L. CAMPBELL 





